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ATTORNEYS AT LAW 

January 13, 2004 

Facsimile Transmission Cover Sheet 

To; U.S . Patent and Trademark Office 
Group Art Unit 1756 
Attention: Examiner N. Barreca 

571-273-1379 

From: James A. Qliff m ^ 

YourRef.; 10/026,653 OurRef.r It 1594 

Number of Pages Sent (Including cover sheet): J77 \ u 

Prepared By: kap 



Comments: 

Examiner Barreca- 

Further to our discussion earlier today, attached please find a copy of the date-stamped receipt, 
substitute specification and marked up of copy of specification originally filed May 31, 2002. If I can 
be of further assistance, please contact me. 

John S. Kern 



Sent by. 

This facsimile is intended only for the use of the individual or entity named above and may contain 
privileged or confidential information. If you are not the intended recipient, or the employee or agent 
responsible to deliver it to the intended recipient, you are notified that any review, dissemination, 
distribution or copying of this facsimile is prohibited. If you have received this facsimile in error, please 
immediately notify us by facsimile or telephone, and return the facsimile to us by mail at the above 
address. 



2 77 South Washington St regit 

ALEXANDRIA VIRGINIA 2 23 14 



Telephone.' (703) S36-6<iOO 
Facsimile: 1703) Q36'5737 

E-MAIL. OABCOLIFF.COM 
WWW.OLIFF.COM 
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The following papers have been filed: 



Sub. of Orig. Dec. w/exec. Dec., Supp. Prelim. Amend. w/Appendix, sub. Abstract sub 
spec, and marked-up copy showing changes 



Name of Applicant: 


MasayalSHTDAetal. 




Serial No,: 


10/026,653 




Atty, File No.: 


111594 




Title (New Cases): 






Sender's Initials: 


JAO:JSK/kap 





PATENT OFFICE DATE STAMP 




COPY TO BE STAMPED BY PATENT OFFICE 
AND RETURNED BY MESSENGER 
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SYSTEM AND METHODS FOR MANUFACTURING 
A MOLECULAR FILM PATTERN 



B ACKGROT ITnTT) Ofr THE IN VRNTTONT 

L Field of Invention 

[0001] The present invention relates to a molecular film and a molecular film 
pattern, both of which are formed on a surface of a substrate or on an underlying layer, and 
relates to manufacturing methods therefor. In addition, the present invention also relates to a 
semiconductor device and to an electro-optical device, both of which use the molecular film, 
the molecular film pattern, and the manufacturing methods therefor mentioned above, and 
relates to manufacturing methods for the devices mentioned above. 
2- Description of Related Art 

[0002] Currently, among manufacturing steps of semiconductor devices or electro- 
optical devices, a photolithographic method has been used for a step of patterning a thin-film, 
winch is an important step. A photolithographic method is capable of forming a highly fine ' 
pattern of the submicron order. In general, patterning using a photolithographic method can 
be performed by the steps described below. First, a thin-film to be patterned is formed over 
the entire surface of a substrate. In addition, the formation of a resist film, exposure, 
development, rinsing, and the like are performed, thereby forming a resist pattern. 
Subsequently, by using the resist pattern as an etching resistant mask, the thin-film disposed 
thereunder is etched so that unnecessary parts are removed, thereby forming a desired pattern. 

SUMMARY OF THE rMVF.WTTnx] 
10003] When patterning is performed by using a photolithographic method as 
described above, a number of steps must be performed. On the other hand, in recent years, 
attempts in which patterning is performed using a molecular film having a thickness smaller 
than that of a resist film have been made in order to decrease the number of steps. However, 
a molecular film having a more superior photoiytic property has been desired. 

[0004] Accordingly, a first obj ect of the present invention is to efficiently form a 
molecular film pattern by using a molecular film having a superior photoiytic property. A 
second object is to obtain a semiconductor device and an electro-optical device by using Hie 
molecular film, the molecular film pattern, and the manufacturing methods therefor described 
above. Another object is to provide methods for manufacturing the semiconductor device 
and the electro-optical device described above. 
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(0005] A first method for manufacturing a molecular film pattern according to the 
present invention can include a step of forming a molecular film by using a photolytic 
organic silicon compound, which contains an aromatic hydrocarbon group, as a starting 
material; and a step of iiradiating the molecular film with a light. According to this method, 
since the molecular film described above is formed of the organic silicon compound 
containing an aromatic hydrocarbon group which has high photoabsorption efficiency, a 
desired molecular film pattern can be easily formed by performing light irradiation on the 
molecular film m accordance with a predetermined pattern shape. In this specification, the 
molecular film means a film having a thickness of 100 run or less. Ideally, the thickness is 
preferably 5 nm or less. However, a molecular film formed of a material having polymeric 
chains may have a thickness of 100 nm or more in some cases. 

T0006] A second method for manufacturing a molecular film pattern according to 
the present invention can include a step of forming a molecular film by using an organic 
silicon compound as a starting material, the organic silicon compound having a chemical 
structure represented by the following formula (1); and a step of irradiating the molecular 
film with a light. According to this method, since the molecular film described above is 
formed of the organic silicon compound containing an aromatic hydrocarbon group which 
has high photoabsorption efficiency, a desired molecular film pattern can be easily obtained 
by performing light irradiation on the molecular film in accordance with a predetermined 
pattern shape. As the aryl (Ax) group in the formula (1), for example, there may be 
mentioned a phenyl group, a biphenyl group, a naphthyl group, an anthryl group, or a 
phenanthryl group. It may also be bonded to a major chain of a polymer via (CR 2 ) m -Z which 
is a substituent bonded to the aromatic hydrocarbon group. 

Y 3-pXp$i 

~CH 2 f— Ar-4-CR 2 f— Z (1) 

4 \ / m 

[0007] In the above formula, n, in, p, Ar, X, Y, and R are as follows: 

[0008] n is an integer of 0 or more: 

[0009] m is an integer of 0 or more; 

[0010] p is an integer of 0 or more; 

[001 1 ] Ar is an aryl group; 

[001 2 1 R is a hydrogen atom or a fl uorine atom ; 

[0013] X is a halogen group such as a chlorine group, an amino group, or an 
atkoxyi group, 
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[0014J Y is an alky] group, an aryl group, or a hydrogen atom; and 
[0015] Z is an alley! group, a perfluoroalkyl group, a silyl group, a cyairo group, an 
amine group, or a thiol group. 

[0016] A third method for manufacturing a molecular film pattern according to the 
present invention can include a step of forming a molecular film by using an organic silicon 
compound as a starting material, the organic silicon compound having a chemical structure 
represented by the following formula (2); and a step of irradiating the molecular fiLm with a 
light. According to this method, since the molecular film described above is formed of the 
organic silicon compound having a n electron system of the benzene structure which has high 
photoabsorption efficiency, a desired molecular film pattern can be easily obtained by 
performing light irradiation. 




[001 8 1 n is an integer of 0 or more; 



[0019] p is an integer of 0 or more; 

[0020J R 1 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, or an alkyl group containing an alkylamino group; 

[0021] R 2 is a hydrogen atom, a halogen atom, a perfluoro alley 1 group, a hydroxyl 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, an alkyl group containing an alkylamino group, an organic 
silicon group, or an alkyl group containing an organic silicon group; 

[0022] R 3 is a halogen atom, a perfluoroalkyl group, a hydroxyl group, a thiol 
group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group containing a 
hydroxyl group, an alkyl group containing a thiol group, an alkyl group containing an amino 
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group, an alkyl group containing an alkylamino group, an organic silicon group, an alky I 
group containing an organic silicon group, an aryl group, or an alkyl group containing an aryl 
group; 

[0023] X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

[0024] Y is an alkyl group or an aryl group. 

[0025] A fourth method for manufacturing a molecular film pattern according to the 
present invention can include a step of forming a molecular film by using an organic silicon 
compound as a starting material, the organic silicon compound having a chemical structure 
represented by the following formula (3); and a step of irradiating the molecular film with a 
light According to this method, since the molecular film described above is formed of the 
organic silicon compound having a n electron sys tem of the naphthalene structure which has 
high photoabsorption efficiency, a desired molecular film pattern can be easily obtained by 
performing light irradiation. 




[0026] In the above formula, n, p, R 1 , R 2 , R 3 > X, and Y are as follows: 
[0027] n is an integer of 0 or m6re; 
[0028] p is an integer of 0 or more; 

[00291 R 1 is a hydrogen atom, a halogen atom, a perfluoro alkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
coutajmng an amino group, or an alkyl group containing an alkylamino group; 

[0030] R 2 is a hydrogen atom, a halogen atom, a perfluoro alkyl group, a hydroxyl 
group, .a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group " 
containing » hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
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containing an amino group, an alkyl group containing an alkylamino group, an organic 
silicon group, or an alkyl group containing an organic silicon group; 

[0031] R 3 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, an alkyl group containing an alkylamino group, an organic 
silicon group, or an alkyl group containing an organic silicon group, 

f0032] X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

[0033] Y is an alkyl group or an aryl group. 

[0034] A fifth method for manufacturing molecular film pattern according to the 
present invention can include a step of forming a molecular film by using an organic silicon 
compound as a starting material, the organic silicon compound having a chemical structure 
represented by the following formula (4); and a step of irradiating the molecular film with a 
light. According to this method, since the molecular film described above is formed of the 
organic silicon compound having a n electron system of the naphthalene structure which has 
high photoabsorption efficiency, a desired molecular film pattern can be easily obtained by 
performing light irradiation. 




(0035] Jn the above formula, n 7 p, R 1 , R 2 ? R 3 , X, and Y are as follows: 
10036] n is an iuteger of 0 or more; 
J0037J p is an integer of 0 or more; 

[0038] R 1 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, or an alky] group containing an alkylamino group; 

i0039] R 2 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylanmio group, an alkoxyl group* an alkyl group 
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containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, an alkyl group containing an alkylamino group, an organic 
silicon group, or an alkyl group containing an organic silicon group; 

[0040J R 3 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylammo group, an alkoxyl group, an alkyt group 
containing a hydroxyl group, an alkyl group contai n ing a thiol group, an alkyl group 
containing an amino group, an alkyl group containing an alkylamino group, an organic 
silicon group, or an alkyl group containing an organic silicon group; 

[0041 1 X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

[0042 1 Y is an alkyl group or an aryl group. 

[0043] A sixth method for manufacturing a molecular film pattern according to the 
present invention can include a step of fonning a molecular film by using an organic silicon 
compound as a starting material, the organic silicon compound having a chemical structure 
represented by the following formula (5); and a step of irradiating the molecular film with a 
light. According to this method, since the molecular film described above is formed of the : 
organ ic silicon compound having a n electron system of the bipheny] structure which lias ; 
i.ugh photoabsorption efficiency, a desired molecular film pattern can be easily obtained by 
per/brming light irradiation. 




[0044] In the above formula, n, p, R 1 , R 2 S R 3 , R 4 , X, and Y are as follows: 
[0045] n is an integer of 0 or more; 
[0046] p is an integer of 0 or more; 



(0047] R' 1 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group* a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxy! group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, or an alkyl group containing an alkylamino group; 
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[00481 R 2 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group a thiol group, an ammo group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, an alkyl group containing an allcylammo group, an organic 
silicon group, or an alkyl group containing an organic silicon group; 

f00491 R 3 ^ * halogen atom, a perfluoroalkyl group, a hydroxyl group, a thiol 
group an amino group, an alkylamino group, an alkoxyl group, an alkyl group containing a 
hydroxyl group, an alkyl group containing a thiol group, an alkyl group containing an ammo 
group, an alkyl group containing an alkylamino group, an organic silicon group, or an alkyl 

group containing an organic silicon group; 

[00501 R 4 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 

group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, an alkyl group containing an alkylamino group, an organic 
silicon group, or an alkyl group containing an organic silicon group, 

[00S1J X is a halogen group such as a chlorine group, an amino group, or an 

alkoxyl group; and 

[0052) Y is an alkyl group or an aryl group.. 

[0053J A sevcndi method for manufacturing a molecular film pattern according to 
the present invention can include a step of forming a molecular film by using an organic 
silicon compound as a starting material, me organic silicon compound having a chemical 
structure represented by the following formula (6); and a step of irradiating the molecular 
film with a light. According to this method, since the molecular film described above is 
formed of the organic silicon compound having a « electron system of the pyridine structure 
which has high photoabsorption efficiency, a desired molecular film pattern can be easily 
obtained by performing light irradiation. In addition, due to high affinity of the nitrogen 
atom of the pyridine ring to various positive elements such as metal elements, a complex with 
the element mentioned above may be easily formed, and by performing appropriate chemical 
treatment, additional functions may be further provided for the molecular film pattern. 
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[00S4] In the above formula, n, p, R l , R 2 , X, and Y are as follow.: 
10055] n is an integer of 0 or more; 
f 0056] p is an integer of 0 or more; 

[0057] R 1 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
group, a thiol group, an amino group, an .alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, or an alkyl group containing an alkylamino group; 

(0058] R 2 is a halogen atom, a perfluoroalkyl group, a hydroxyl group, a thiol 
^oup, an amino group, an alkylamino group, an alkoxyl group, an alkyl group containing a 
hydroxyl group, an alkyl group containing a thiol group, an alkyl group containing an ammo 
group, an alkyl group containing an alkylamino group, an organic silicon group, an alkyl 
iraup containing an organic silicon group, an aryl group, or an alkyl group containing an aryl 
group; 

[0059] X is a halogen group such as a chlorine group, an amino group, or an 
&:!coxyl group; and 

[0060] Y is an alkyl group or an aryl group. : 
1OO6I] An eighth method for manufacturing a molecular film pattern according to . 
the present invention can include a step of forming a molecular film by using an organic ... 
Silicon compound as a starting material,, the organic silicon compound having a chemical , 
Structure represented by the following formula (7); and a step of irradiating the molecular; 
film with a light. According to this method, since the molecular film described above is 
formed of the organic silicon compound containing a conjugated electron system heterocyclic 
group, such as thiophene, pyrrole, or furan, which has high photoabsorption efficiency, a 
desired molecular film pattern can be easily obtained by performing light irradiation. In 
addition, since the organic silicon compound described above has a heteroatom having 
reactive functionality, such as a sulfur atom, a nitrogen atom, or an oxygen atom, which 
forms the heterocyclic ring, by performing appropriate chemical treatment, additional 
functions may be further provided for the molecular film pattern. 
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Q 

[0062] In the above formula, n, p, R 1 , R 2 , X, ' Y, and Q arc as fol lows; 
[00631 n is an integer of 0 or more; 
{0064] p is an integer of 0 or more; 

[0065J R 1 is a hydrogen atom, a halogen atom, a perfUioroalkyl group, a hydroxyl 
group, u thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
co^airdng a hydroxyl group, an alkyl group containing a thiol .group, an alkyl group 
boi^atotag an amino group, or an alkyl group containing an alkylamino group; -..« ; = 

r2 is a halogen atom, a perfluoroalkyl group, a hydroxyl group, a thiol >> 
group, , ammo group, an alkylamino group, an alkoxyl group, an alkyl group containing.* 
iiydrox; ( group, an alkyl group containing a thiol group, an alkyl group containing an amino y 
- group, m. alkyl group containing an alkylamino group, an organic silicon group, an alkyl • 
group containing an organic silicon group, an aryl group, or an alkyl group containing an aryl 
group; 

[0067] X is a halogen group such as a chlorine group, an amino group, or an 
;r!koxyl group; 

[0068] Y is an alkyl group or an aryl group; and 

[0069] Q Is a nitrogen (N) atom, an oxygen (O) atom, or a sulfur (S) atom, each 
^".viiig hydrogen atom or an alkyl group- 

{0070] A ninth method for manufacturing a molecular film pattern according to the : 
pm^rA invention can include a step of forming a molecular film by using an organic silicon 
rovi- pound as a starting material, the orgamc silicon compound having a chemical structure . 
re-presented by the following formula (S); and a step of irradiating the molecular film with a 
light. According to this method, since the molecular film described above is formed of the 
oig;>mc silicon compound having a benzene ring provided with a fluoroalkyl group which has 
a superior liquid -repellent property, this molecular film has superior photoreactivity and a 
high hquid-repellent property. Accordingly, by performing light irradiation on this molecular 
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film, a molecular film pattern having a different liquid-repellent property can be formed. In 
addition, in order to obtain a superior liquid-repellent property, the number of aioms of a 
carbon chain of a fluoroalkyl group is preferably three or more. 



[0071] In the above formula, n, m, r, p, R l , X 3 and Y are as follows: 

10072] n is an integer of 0 or more; 

[0073] m is an integer of 0 or more; 

[0074] r is a positive integer; 

[0075 J p is an integer of 0 or more; 
;/.' }0076] R 1 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxyl 
groupfa. thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxy! group, an alkyl group containing a thiol group, an alkyl group 
/-obtaining <m amino group, or an alkyl group containing an alkylanmio group; 

(0077] X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

[0078] Y is an alkyl group or an aryl group. 

(0079] A tenth method for manufacturing a molecular film pattern according to the 
present invention can include a step of forming a molecular film by using an organic silicon 
compound as a starting material, the organic silicon compound having a chemical structure 
represented by the following formula (9); and a step of irradiating the molecular film with a 
iight. According to this method, since the molecular film described above is formed of the 
organic silicon compound, which has a fluoroalkyl group provided with a superior liquid- 
repellent property in addition to a n electron system of the biphenyl structure provided with, 
high photoabsoiption efficiency, when light irradiation is performed on this molecular film, a 
molecular film pattern having a different liquid-repellent property can be formed In 
addition, in order to obtain a superior liquid-repellent property, the number of atoms of a 
carbon chain of a fluoroalkyl group is preferably three or more. 
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Ys-pXpSi 




Cr F 2r+1 



(9) 



[0080] 
fOOSl] 



In the above formula, n, m, r, p, R , X, and Y are as follows: 
n is an integer of 0 or more; 



[0082 J m is an integer of 0 or more; 
[00831 r is a positive integer; 
[0084] p is an integer of 0 or more; 

[0085] R 1 is a hydrogen atom, a halogen atom, a perfluoroajkyl group, a hydroxyl 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an allcyl group 
containing a hydroxyl group, an alkyl group containing a thiol group, an alkyl group 
containing my amino group, or an alkyl group containing an alkylamino group; 

(0086J X is a halogen group such as a chlorine group, an amino group, or an 
alkc-xy! group; and 

[0087] Y i/s an alkyl group or an aryl group. 

]0088] Atj eleventh method for manufacturing molecular film pattern according to 
die present invention can include a step of forming a molecular film by using an organic 
silicon compound as a starting material, the organic silicon compound having a chemical 
srmcture represented by the following formula (10); and a step of irradiating the molecular 
film with a light. According to this method, since the molecular film described above is 
formed of the organic silicon compound, which has a fluoroalkyl group provided with a 
superior liquid-repellent property in addition to a n electron system of the biphenyl structure 
provided with high photoabsoiption efficiency, when light irradiation is performed on this 
molecular film, a molecular film pattern having a different liquid-repellent property can 
easily be formed. In addition, in order to obtain a superior liquid-repellent property, the 
number of atoms of a carbon chain of a fluoroalkyl group is preferably three or more. 
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R 



1 



Y 3 




C r F2r+1 



(10) 



[00891 In the above foimula, n, m, r, p, R l , X 9 and Y are as follows: 
[0090] n is an integer of 0 or more; 
[0091] rn is an integer of 0 or more; 
[0092] r is a positive integer, 
{0093] p is an integer of 0 or more; 

[0094] R 1 is a hydrogen atom, a halogen atom, a perfluoroalkyl group, a hydroxy! 
group, a thiol group, an amino group, an alkylamino group, an alkoxyl group, an alkyl group 
containing a hydroxy] group, an alkyl group containing a thiol group, an alkyl group 
containing an amino group, or an alkyl group containing an alkylamino group; 

[0095] X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

[0096] Y is an alkyl group or an aryl group. 

[0097] In a twelfth method for manufacturing a molecular film pattern according to 
the present invention, R 1 of the organic silicon compound according to one of the methods for 
manufacturing the third to $ixtb and the ninth to eleventh molecular film patterns of the 
present invention is a perfluoroalkyl group- According to this method, the molecular film 
described above is formed of the organic silicon compound containing the perfluoroalkyl 
group at the ortho-position with respect to the organic silicon group. In this type of organic 
silicon compound, since a silicon atom and a fluorine atom having a high affinity thereto are 
spatially adjacent to each other, the attack of the fluorine atom to the silicon atom easily 
occurs, and hence, the photoreactivity or the photolytic propeity can be improved. 
Accordingly, a molecular film pattern can be obtained by light irradiation for a short period 
of time 

[0098] In a thirteenth method for manufacturing a molecular film pattern according 
to the present invention, R 1 of the organic silicon compound according to one of the methods 



PAGE 14/77 - RCVD AT 1113/2004 11:44:32 AM [Eastern Standard Time] > SVR:USPTO-EFXRF-1/24 > DNIS:2731 379 1 CSID:703 836 2787 * DURATION (mm-ss):1644 



01/13/2004 11:47 FAX 703 336 2787 



OLIFF & BERRIDGE , PLC 



©015 



13 

for manufacturing the third to sixth and the ninth to eleventh molecular film patterns of the 
present invention is a trifluoromethyi group. According to this method, the molecular film 
described above is formed of the organic silicon compound containing a trifluoromethyl 
group disposed at the ortho-position with respect to the organic silicon group, hi this type of 
organic silicon compound, since a silicon atom and a fluorine atom having a high affinity 
thereto are spatially adjacent to each other, when photolytic reaction occurs, the 
photoreactivity or the photolytic property can be improved by the assistance of the fluorine 
atom. Accordingly, the molecular film pattern can be obtained by light irradiation within a 
short period of time. In this method, as the organic silicon compound for forming this 
molecular film, a compound represented by the formula (1 1) or (12) is mentioned. 

X,Si 




Cqr2q+1 



(11) 



F*C 



[0099] In the above formula, ri and q are as follows: 
[0100] n is an integer of 0 or more; and 
[0101] q is an integer of 1 or more. 



X 3 Si 




(CH 2 ) 2 CpF 2p+ , (12) 



F 3 C 

{0102] In the above formula, n and p are as follows: 
[0103] n is an integer of 0 or more; and 
[0104] p is an integer of 1 or more. 

[0105] In a fourteenth method for manufacturing a molecular film pattern according 
to the present invention, the thickness of the molecular film according to the method for 
manufacturing the molecular film pattern of the present invention is 3 nm or less. This 
molecular film has a thickness enough to modify the properties of the surfaces of the 
substrate or the underlying layer, and when the molecular film pattern is formed, high 
contrast of the surface functions or surface properties can be obtained. 
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[0106] A molecular film pattern of the present invention may be formed by one of 
the methods for manufactunng the molecular film patterns described above Since the 
molecular film pattern described above is a molecular film pattern formed by patterning a 
molecular film having various functions such as a liquid-repellent property, surfaces with 
different functions are exposed in this molecular film pattern. 

[01 07] A method for m anufactuting a semiconductor device of the present 
invention comprises a step of forming a molecular film pattern according to the 
manufacturing method for the molecular film pattern described above. In the method for . 
manufacturing the semiconductor device described above, since die method for 
manufacturing the molecular film pattern may be used instead of, for example, a 
Photolithographic method, the number of steps can be decreased. This type of method for 
manufacturing foe semiconductor device can be effectively applied to a semiconductor device 
such as a transistor wMch is formed by a process including a step of forming a pattern. For 
. example, in addition to a silicon-based transistor and a thin-film transistor, an organic foin- 
Slm transistor having a semiconductbr layer formed of an organic material may be 
mentioned. 

[01 08] A first semiconductor device of the present invention can be manufactured 
by the method for manufacturing the semiconductor device described above. One of the 
features of this type of semiconductor device is that, since it is formed by using a molecular 
film having a small thickness, market demands to make thinner and more compact 
semiconductor devices can be satisfied. 

[0109] A method for manufacturing an electro-optical device of the present 
in vention can include a step of forming a molecular film pattern according to the method for 
manufacturing the molecular film pattern described above. In the method for manufacturing 
the electro-optical device described above, since the method for manufacturing the molecular 
film pattern described above can be used instead of, for example, a photolithographic method, 
tie number of steps can be decreased. Accordingly, this type of method for manufacturing 
m electro-optical device has advantages in that the production time or die production cost 

can he reduced. . . . 

[0110] A first electro-optical device of the present invention is manufactured by the 
method for manufacturing the electro-optical device described above. 

10111] A second semiconductor device of the present invention is formed by the 
manufacturing method described above and can include an area composed of an organic 
material. As an example of a semiconductor device using an organic material, a so-called 
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organic thin-Film transistor may be mentioned. In the manufacturing process therefor, a 
liquid-phase process, such as a spin coating method or an inkjet method, which does not 
usually require a complicated apparatus, may also be used, and hence, advantage in 
production cost can also be obtained. 

[0112] A second electro-optical device of the present invention is formed by the 
manufacturing method described above and canmclude an organic electroluminescent 
element. 

[0113] A method for manufacturing an electronic device of the present invention 
can include a step performed by using the method for manufacturing the molecular film 
patterns described above. As the electronic device, a diode may be mentioned by way of 
example. 

(0114] An electronic apparatus of the present invention can include the electro- 
optical device described above as a display portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[011f>] The invention is described with reference to the following figures, wherein 
hkv numerals represent like elements, and wherein: 

•(01.16] Fig. 1 is a cross- sectional view showing the state in which a molecular film 
ir> termed on a substrate; 

(Oil 7] Fig. 2 is a cross-sectional view showing the state in which the molecular 
film is; patterned; - 

[01 1 8) Fig. 3 is a cross-sectional view showing a step of patterning the molecular 

film; . 

[0119] Fig, 4 is a cross-sectional view showing the state in which a second 
moV<=.r.u]&r film is fornied in an area at which a first molecular film is removed; 

[0120] Fig. 5 is a cross-sectional view showing the state in which an electroless 
plating film is formed on the area which is covered with the second molecular film; 

[0121] Fig. 6 is a view showing a first step of manufacturing an organic 
electroluminescent device driven by an organic thin-film transistor; 

{0122] Fig. 7 is a view showing a second step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor; 

(0123] Fig. 8 is a view showing a third step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor, 

J0124] Fig. 9 is a view showing a fourth step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor; 
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(0125.1 Fig. 1 0 is a view showing a fifth step of manufacturing the organic 
electroluminescent device driven- by the organic thin-film trustor; 

101261 Fig. 1 1 is a view showing a sixth step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor; 

10127] fig. 12 is a view showing a seventh step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor; 

10128] Fig 13 is a view showing an e lg hth step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor; 

[0129] Fig. 14 is a view showing a ninth step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor; 

[0130] Fig. 15 is a view showing a tenth step of manufacturing the organic 
el ec.troluminescent device driven by the organic thin-film transistor; 

}0131] Fig. 16 is a view showing an eleventh step of manufacturing the organic 
electroluminescent device driven by the organic min-film transistor; 

10132] F.g. 17 is a view showing a twelfth step of manufacturing the organic 
siechroluminescent device driven by the organic thin-film transistor; 

(0133] fig. 18 is a view showing one application example in which an electro- 
optical device of the present invention is mounted on a mobile type personal computer; 

{0134] Fig. 19 is a vi«w showing one application example m which an eiectro- 
opticai device of the present invention is mounted on a mobile phone; and 

.101.35] Fig. 20 is a view showing one application example in which an electro- 
ootical device of the present invention is applied to a viewfinder portion of a digital still 



saniera. 



DETAILED DESCRgtlON OF P"R F.FERKED EMBODIMENTS 
jOl 36] Hereina fter, preferred embodiments of the present invention will be 

described. 

(r, Brief Explanation for Manufacturing Steps of Molecular Film and Molecular Film Pattern 

0137] Manufacturing steps of a molecular film and a molecular film pattern will be , 

described briefly with reference to Figs. 1 to 5 . 

T0138) First, as shown in Fig. 1 . a molecular film 14 is formed on a surface of a . 
snl ,,n-ate 1 ! by using an organic silicon compound containing an aromatic hydrocarbon group 
as a starring material. The molecular film 14 can be obtained by placing the organic silicon 
compound used as a starting material and the substrate in a closed container or by immersing 
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the substrate in a solution containing the organic silicon compound used as a starting material 
followed by removal of the solvent. 

[0139] Next, as shown in Fig. 2, patterning of the molecular film 14 is performed. 
As a patterning method for a molecular film according to the present invention, for example, 
a light irradiation method can be performed. As shown in Fig. 3, a light irradiation method is 
performed by irradiating the molecular film 14 with a light via openings formed in a 
photomask 19 provided for forming a thin-film pattern. Parts of the molecular film 14 which 
are irradiated by light are decomposed or removed, and hence, a molecular film pattern in 
accordance with the photomask 19 is formed. 

[0140] Furthermore, as shown in Fig. 4, only on the areas at which the parts of the 
molecular film 14 are removed, areas 15 composed of a molecular film may also be formed 
in which the molecular film mentioned above is formed by using an organic silicon 
compound as a starting material having a functional group provided with a property or a 

< " function different from that of the organic silicon compound for forming the molecular , 
film 14. Accordingly, areas having surface properties different from those of the molecular 
• film 14 can be formed on the surface of the substrate. When a functional group of the 
organic silicon compound forming the molecular film 15 is properly selected, for example, an 
%iectro1ess plating film 17 may be formed only on areas corresponding to the molecular 

■ -iGim 15 as shown in Fig. 5. 
{2) Example 1 

[0141] Hereinafter, examples of steps of forming a molecular film and a molecular 
film pattern will be described in particular. 

[Q142 1 According to this example, as pretreatment, cleaning was performed by 
irradiating a quartz glass substrate with UV light having a wavelength of 1 72 run for 10 
minutes. The intensity of the UV light which was used was approximately 8 mW/cm 2 at the 

surface of the substrate. 

[0143] Next, (IIeptadecafluorooctylbeiizyI)trietlioxysiiane s having a superior liquid- 
repellent property and being one of organic silicon compounds having the chemical structure 
represented by the formula (8), and a quartz glass substrate were kept in the same closed 
container at room temperature for 96 hours, thereby fanning a first molecular film. 
Subsequently, in addition, the first molecular film is irradiated for approximately 15 minutes 
with ultra violet light (a light intensity at the quartz glass substrate was approximately 5 
niW/cnr) having a wavelength of 308 run using an excimer lamp via a photomask having a 



PAGE 19/77 * RGVD AT 1/13/2004 11:44:32 A.M [Eastern Standard Time] * SVR:USPTO-EFXRF-1/24 * DNIS:2731379 * CSID.703 836 2787 * DURATION (mm-ss):1644 



01/13/2004 11:48 FA1 703 836 2787 



OLIFF & BERRIDGE, PLC 



0020 



IS 

stripe pattern so that parts of the molecular film which are not covered with the mask are 
selectively photo lyzed, thereby fqrrrjdng a first molecular film pattern. 

10144] When the contact angle at an area at which a molecular film was irradiated 
was observed for evaluating decomposition rate of a molecular film by irradiation, it was 
found that the decomposition rate of the first molecular film formed by using 
(heptadecafluorooctylbenzyl)triethoxysilane as a starting material was three times or more 
that of a molecular film formed by using (heptadecafluorotetrahydrodecyl)triethoxysilane as a 
starting material. According to this result, it was found that a molecular film formed by using 
an organic silicon compound containing an aromatic group, such as benzene, as a starting 
material exhibited an improved photolytic efficiency. 

[0145] Next, the substrate provided with the first molecular film pattern was 
washed using pure water and ethano) in that order and was then immersed in a mixed solution 
of ethanol containing 1 vol% of aminobenzyltriethoxysilane for 5 minutes. In addition, when 
th« substrate was washed using ethanol and pure water in that order, a second molecular film 
oh tie? n formed by using arnrnobeuzyltriethoxysilane as a starting material was formed at 
aro^s at. which m.e first molecular film was removed. 

[01461 Next, the substrate provided with the first molecular film pattern and the 
secosd molecular film pattern was immersed for approximately 2 minutes in an aqueous 
^oiv.iion containing palladium chloride so as to have a pH of 5.8 at room temperature (30 ml 
of an aqueous solution containing 4% of hydrogen chloride and 0-2% of a palladium, salt was •' . 
further dissolved in 1 liter of water for dilution) and was then washed using running water for 
3 minutes. Next, an electroless nickel plating solution (having a composition containing 
30 g/L of a nickel salt and a nickel salt of hypophosphorous acid and 10 g/L of sodium 
hypophosphite) having a pH of 4.6 was maintained at 70 tf C, and this substrate was then 
immersed in the solution described above for approximately 1 minute. Subsequently, the 
substrate was recovered from the solution, was washed by running water, and was then dried. 
After drying, when observation was performed by using an optical microscope, it was 
confirmed that a nickel pattern was formed on areas corresponding to the areas of the second 
molecular film pattern on the substrate. 

10147] In the present invention, it should be understood that in addition to a quartz 
glass substrate, as a substrate on which a molecular film is formed, various substrates, such as 
a Si wafer/ glass, a plastic film, or a metal substrate, maybe used, and on the surface of the 
substrate, a metal film, a dielectric film, an organic film, or the like may be fonned as an 
underlying layer. 
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[0148] As a light source for irradiation used for forming a pattern of a molecular 
film, in addition to the excimer lamp described above, for example, a mercury lamp, a xenon 
Samp, a sodium lamp, an excimer laser, an Nd: YAG laser, or its higher harmonic wave may 
alsc be used. 

[0149] As in the example described above, when a molecular film pattern having a 
liquid-repellent property is formed, an organic silicon compound having a long-chain 
fluoroalkyl group, such as (heptadecafluorooctylbenzyl)triethoxy3ilane which has a liquid- 
repellent property, is preferably used as a starting material, however, the. compound having a 
general long-chain alkyl group may also be used. A substituentijonded to a silicon atom is 
not limited to an elhoxy group, such as (heptadecafluorooctylbenzyl)triethoxysilane, and. it 
should be understood that an alkoxy! group such as a metboxy group, a halogen group such . 
as a chlorine, a bromine, or an iodine atom, or an amino group may also be used. In 
particular, the case in which the surface of a substrate or an underlying layer on which a 
molecular film is formed is covered with substituents having chalcogen atoms, such as 
hyriroxyl groups, maybe preferable in some cases. The reason for this is that when an 
organic silicon -compound having the substjtuejit bonded to the silicon atom described above 
forms a molecular film, the molecular film may form stable bond with the substrate or the 
underlying layer. : . 

[0150] In the example described above, in order to selectively fonn an electroless 
plating film composed of nickel, an organic silicon compound having an amino group which 
has :i high affinity to nickel was used as a starting material for forming the second molecular 
him. however, in addition to this compound described above, when a molecular film formed 
by using an organic silicon compound containing a thiol group, a hydroxy! group, a vinyl 
group, a hydrosilyl group, a cyano group, or the like is used as a starting material, various 
metal thin-films, such as gold or copper, may also be formed. Naturally, it is not always 
necessary to initially form a molecular film pattern having a liquid-repellent property as in 
-"ths example described above, and a proper molecular film can be selectively formed in 
accordance with an object. When light-irradiation is used for the formation of a molecular 
ii ini pattern, a molecular film formed by using an organic silicon compound as a starting '■. 
Tutorial which contains an aromatic group having a chemical structure represented by one of 
ihz: formulas (1) to (1 2) is preferably used. In addition, when an aromatic group of an organic 
silicon compound is selected in accordance with a wavelength used for light irradiation, a 
molccalat film pattern can be more efficiently formed. 
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[0151J Tn lhe case in which li ^ ht havm £ a wavelength of approximately 300 nm is 
used for forming a molecular film pattern, an organic silicon compound containing an 
aromatic group, such as benzene, naphthalene, or biphenyl, is preferable as a starting 
material. In the case in which light having a wavelength of 300 nm or more, an organic 
silicon compound containing an aromatic group, such as anthracene, phenanthrene, or 
tcrphenyl, is preferable as a starting material. 

[0152] The efficiency of photolysis does not only depend on an aromatic group of 
an organic silicon compound, but also may be affected by a suhstituent bonded to the 
aromatic group in some cases. For example, in an organic silicon compound having a 
trifluoromethyl group at the ortho-position of an alkyl group containing an organic silicon 
group, such as an organic silicon compound having a chemical structure represented by the 
above formula (11 ) or (12), since the fluorine atoms each having high affinity to the silicon 
atom are spatially adjacent thereto, activation energy required for breaking the bond between 
the silicon atom and the carbon atom decreases, and hence, a photolytic reaction occurs . . 
efficiently. In addition to a trifluoromethyl group, a substituent containing an atom having 
< bigh affinity to a silicon atom, such as a hydroxy group, an alkoxyl group, or an amino group, 
may promote photolysis in some cases. ; 
(3) Synthesis of Organic Silicon Compound used as Starting Material for Molecular Film 

i0153] Next, an exemplary method for synthesizing an organic silicon compound ■ 
used as a starting material for forming a molecular film will be described. As typical 
synthetic methods for organic silicon compounds having the structures represented by the 
above formulas (1) to (12), the following two methods (i) and (ii) are mentioned. 

[0154] (i) A reaction shown by the following general formula (13). This reaction 
occurs between an organic silicon compound concurring a halogen atom or an alkoxyl group 
and a Grignard reagent obtained from a compound having a halogen atom, such as a bromine 
atom, a chlorine atom, or an iodine atom, or a lithium reagent. 

Ha»oq*n4cH 2 )— Ar' Ya-pXpSi-fcH^Ar' (13) : , ( 

[0155] In tlie above formula, n, p, and Ar' are as follows: 
|0156) n is an integer of 0 or more; 
J0157[ p is an integer of 0 or more; and 

(01 581 Ar* is an aromatic hydrocarbon group or a derivative thereof 
(0159] (ii) A hydrosilation reaction shown by the following general formula (14). 
T his reaction occurs between a compound having a double bond or more between carbons . 
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and an organic silicon compound having at least one hydrogen atom bonded to the silicon 



atom by heating and stinting in the presence of a catalyst such as chloroplatinic acid. 



[01 60] In the above formula, n, p, and Ar' are as follows: 
[0161] n is an integer of 0 or more; 
(01 62 J p is an integer of 0 or more; and 

[0163] Ax ! is an aromatic hydrocarbon group or a derivative thereof. 
[0164] In the present invention, synthesis performed in accordance with the method 
(i) will be described by way of example. 

(4) Synthesis of p-(CF3CF 2 CF2CF2CF2CF2CH2CH2-C6l-l4-CH2-Si(OEt)3) (Compound A) 

. [0165] A magnesium ribbon is placed in a flask, and while an inert gas, such as 
argon or nitrogen, is allowed to flow therein, the ribbon is appropriately heated and also 
stirred by a hot plate which is also used as a stirrer, so that the magnesium ribbon (0.06 rnol) 
is activated. After the operation described above is performed for approximately 1 hour 3 .the 
flask is cooled to room temperature, and approximately 5 ml of ether is then added. In 
addition, by adding an extremely smalL amount of dibromoethane by using a syringe, an ■ 
activated surface of the magnesium ribbon is exposed. Next, 20 ml of an ether solution 
containing 0.05 mol of p-(CF3CF 2 CF 2 CF2CF2CF 2 CH2CH 2 ^C 6 H4-CH 2 -Br) and 0.07 mol of 
tetraethoxysilane is recei ved in a dripping funnel provided for the flask, and while being well 
stirred, this ether solution is then slowly dripped in the mixture of the magnesium ribbon and 
the ether. In the step described above, the temperature of the reaction solution is controlled 
by using an ice bath or the like so as not to reach a temperature of approximately 40°C or 
more. After dripping, the mixture thus obtained is stirred for approximately 15 hours at room 
temperature, the ether used as the solvent is removed by distillation, a small amount of 
hexans is added, and a salt precipitated is filtered by using a Hyflo super-cel. In the step 
described above, filtration is preferably repeated until the haze of the filtrate disappears. 
Next, the solvent in the filtration is removed by usmg a rotary evaporator, and when reduced- 
pressure distillation of a remaining oily material using a Kugclrohl method is performed, a 
compound A is obtained at a rough yield of approximately 40%. 

(5) Synthesis of pHHMe2Si-CH 2 -C 6 H4-CH 2 -Si(OEt)3) (Compound B) 

[01 66] A magnesium ribbon is placed in a flask, and while an inert gas, such as 
argon or nitrogen, is allowed to flow therein, the ribbon is appropriately heated and also 
stirred by a hot plate which is also used as a stirrer, so that the magnesium ribbon (0.06 mol) 
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is activated. After the operation described above is performed for approximately 1 hour, the 
flask is cooled to room temperature, and 5 ml of ether and 0.05 mol of dimethylchlorosilane 
(chemical formula: HMe 2 SiCl) are then added. Next, 0.05 mol of dimethylchlorosilane 
(FiMe 2 SiCl) is added. Subsequently, 20 ml of an ether solution containing p-(Br-CH 2 -C6rl4- 
CH 2 -Br) is received in a dripping funnel provided for the flask, and while being well stirred, 
this ether solution is then slowly dripped in the mixture of dimethylchlorosilane, the 
magnesium ribbon and the ether. In the step described above, in order to avoid violent 
reaction, the reaction temperature is controlled by using an ice bath or the like so that the 
reaction proceeds appropriately. After the ether solution is dripped, the mixture thus obtained 
is stirred for approximately 1 5 hours at room temperature, a saturated aqueous solution 
containing ammonium chloride is slowly added 5 so that the magnesium salt thus formed is 
hydroiyzed. Appropriate amounts of ether and water are added, and sodium sulfate is added 
to an ether layer obtained by a separation process, so that the ether layer is dried. Next, . • 
volatile Impurities, such as the ether used as the solvent, are removed by using a rotary , 
evaporator, and when reduced-pressure distillation of a remaining oily material using a 
:^Kugelrohl. method is performed, p-(HMe 2 Si-CH 2 -C 6 H 4 -CH2-Br) is obtained at a rough yield 

■of 80%. ■ • • 

10167] The synthetic route described below is almost equivalent to that for the 
■•compound A. That is, a magnesium ribbon is placed in a flask, and while an inert gas such as 
argon or nitrogen, is allowed to flow therein, the ribbon is appropriately heated and also 
utiiTcd by a hot plate which is also used as a stirrer, so that the magnesium ribbon (0.03 mol) 
is activated. After the operation described above is performed for approximately 1 hour, the 
Hask is cooled to room temperature, and approximately 5 ml of ether is then added. Next, 20 
to!" of an ether solution containing 0.03 mol of p-CHMe^Si-^-C^-CHz-Br) and 0.05 mo) 
of tetraethoxysilane is received in a dripping funnel provided for the flask, and while being 
■well stirred, this ether solution is then slowly dripped in the mixture of the magnesium ribbon 
and the ether. In the step described above, in order to avoid violent reaction, the reaction 
temperature is controlled by using an ice bath or the like so that the reaction proceeds 
•appropriately. 

[0168] After the ether solution is dripped, the mixture thus obtained is stirred for 
approximately 15 hours at room temperature, the ether used as the solvent is removed by 
distillation, a small amount of hexane is added, and a salt precipitated is filtered by using 
Hyflo -super cell. In the step described above, filtration is preferably repeated until the haze 
of the filtrate disappears. Next, the solvent in the filtrate is removed by using a rotary 
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evaporator, and when reduced-pressure distillation of a remaining oily material is performed 
using a Kugelrohl method, a compound B is obtained at a rough yield of approximately 30% 
with respect to p-(HMe 2 Si-CH2-C 6 H4-CH2-Br). 

[0169] As described above, in particular, a synthetic method using a Grigriard 
reagent is effectively applied to an organic silicon compound having an aromatic group 
which is provided with a fluoroalkyl group, an alkyl compound group, an organic silicon 
group, an alkoxyl group, or the like. Even though a yield is naturally decreased a little bit, in 
a manner as described above, a compound such as shown by the formula 1 1 or 12, which has 
a trifluoromethyl group at the ortho-position of the compound A, can also be obtained. In 
addition, in the case in which an organic silicon compound provided with a substituent, such 
as a hydroxy group, a thiol group, an ammo group, or a cyano group, having highly reactivity 
with a Grignard reagent is synthesized on an aromatic group, a so-called hydrosilauon (the 
method (ii) described above) performed between corresponding olefin and hydrosi lane is 
effective. 

.(6) Production of an Electroluminescent Device Driven by Organic Thin-Film Transistor 

[0170] By using the molecular film and the molecular film pattern described above, 
various semiconductor devices and the electro-optical devices can be further produced. In the 
■ ' ■'examples described below, an organic thin-film transistor having an active layer formed of an 
cr$%'JpJV; material and an organic electroluminescent device driven by diis organic thin-film 
transistor wj!1 be described as a semiconductor device and an electro -optical device, 
respectively, -with reference to the manufacturing steps thereof. Figs. 6 to 1 6 are views 
showing manufacturing steps of an organic thin-film transistor and an organic 
electroluminescent device driven by this organic thin-film transistor. Between two drawings 
in each figure, the drawing on the right side is a plan view, and the drawing on the left side is 
a cross-sectional view taken along the line AA in the plan view. 

[0171] First, a transparent conductive film 21 is formed on a substrate 20. As the 
substrate 20, a transparent material composed of, for example, glass, quartz, or plastic 
(synthetic resin), is used. In addition, as the transparent conductive film 21, ITO (indium tin 
oxide) is preferable. However, it should be understood that the transparent conductive 
film 21 is not limited to an ITO film, and another material may also be used as long as the 
material is transparent and has high conductivity. In this embodiment, a glass provided with 
an ITO film is used. 

[0172] Next, in order to prevent a leak current .flowing between a cathode pattern 24 
(Fig. 9), which will be described later, and the transparent conductive film 21, an insulating 
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film 22 is formed on the transparent conductive film 21 . In this embodiment, Si0 2 is used. 
As a starting material, a liquid material containing polysilazane dissolved in xylene is used, 
the formation is performed by an Inkjet (I/J) method only in an area other than that of a 
cylinder-shaped opening which is used as a light-emitting area. After the solution containing 
polysilazane is applied by an 1/J method, hearing at 250°C for 10 minutes is performed, 
thereby selectively forming a S1O2 film having a desired shape and a thickness of 150 run. In 
addition, as long as the insulating properties are ensured, it should he understood that the 
material is not limited to that described above, and an organic polymeric material, such as a 
polyhnide resin, may also be used. 

[01 73 J Next, a light-emitting layer 23 may be formed of two layers, that is, a hole 
injection layer for bole injection and an electroluminescent layer for light emission. Both 
materials may be formed by using an I/J method. The formation may be performed by using 
spin coating, deposition, or the like. 

[0174] Next, the light- emitting layer 23 is formed on the transparent conductive 
film 21 in an area defined by the insulating film 22. In this embodiment, a cylinder-shaped 
opening is provided in the insulating film 22 so that the inside periphery thereof is round in 
plan view, and the light-emitting layer 23 is formed selectively in this opening by an I/J 
method. In particular, a solution containing a polyolefimc polymer dissolved in xylene used 
as a^oiyent is prepared, the solution is applied by an L0 method, and the solvent is dried and 
removed, thereby forming the light-emitting layer 23- fn this embodiment, the thickness of 
■ttis light-emitting layer 23 is set to approximately 80 nm. In addition, as the light-emitting 
layer, an organic electroluminescent material such as polyparaphenylene vinylene (PPV) may 
also be used, ' • - 

[01 75] Next, the cathode layer pattern 24 is formed on the insulating film 22 and 
■the light-ernitting layer 23 using a metal material. As the metal material, for example, gold, 
silver, or copper may be used. This cathode layer pattern 24 may be formed by an I/J method 
or by. tor example, a deposition method. In this embodiment, a solution containing a gold 
complex dissolved in an ethanol solution is used. In particular, as the gold complex, a 
material represented by (CH^-P-Au-CH;* is used, the concentraxion thereof is set to .: ■ , 
approximately 2 wt%, and a solution containing this material is applied by an I/J method and 
is than heated to 80°C, thereby forming a 50 nm-thick gold film pattern, having superior 
conductivity. 

[0176] Subsequently, an interlayer insulating film 30 is formed on the cathode layer 
pattern 24. As the interlayer insulating film 30, for example, polyvinyl alcohol (PVA) or 
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polyimide, which are polymeric materials, may be used. " In addition to those, an inorganic 
material such as Si02 may also be used. When a polymeric material is used for forming the 
inter) ayer insulating film 30, the film formation may be performed by, for example, spin 
coating or an I/J method. In this embodiment, a P VA solution is applied by a spin coating 
method, thereby forming a PVA film of 1 .5 pm in thickness; 

{0177] Next, a via hole 31 is formed in the mterlayer insulating film 30 for forming 
an mterlayer wire (Fig. 1 1). A detailed process for forming a via hole is performed basically 
. in accordance with the steps described above with reference to Figs. 1 to 3. That is, on the 
iuterlayer insulating film 30 composed of a polymer material, such as polyvinyl alcohol 
(PVA) or polyimide, a molecular film is formed by using an organic silicon compound (for 
example, (lieptadecafluorooctylbenzyl)triethoxysilane having a superior liquid-repellent, 
property) having an aromatic hydrocarbon group as a starting material, and irradiation is 
performed only on an area corresponding to that at which the via hole is to be formed in. the 
molecular film. As a result, a photolytic reaction occurs only in the area described above, 
and the liquid-repellent property disappears. When this area in which the liquid-repellent, 
property disappears is treated by a solvent which dissolves the mterlayer insulating film, the 
via hole is formed. . : ' 

(01 78] A fter the via hole 3 1 is formed, a toluene solution containing a liquid gold - 
b&sad material is applied in the via hole 3 1 by an I/J method, thereby forming an mterlayer 
wire 32 (Fig. 12), Next* a source 40 and a drain 41 are formed (Fig. 13). In the case 
described above, as shown in Fig. 13, the source 40 and the drain 41 each have a comb shape 
and are formed so as to interdigitate with each other with a predetermined spacing 
therebetween. In addition, the drain 41 is formed so as to be in contact with a cathode layer, 

[0179] As a material for the source 40 and the drain 41, for example, a metal or a 
conductive polymeric material may be used. The source 40 and the drain 41 are each formed '. 
by selectively forming a film by an I/J method using the material described above followed . 
by patterning. In this embodiment, a toluene solution containing a liquid gold-based material 
is applied by an l/J method. The thickness of the gold film thus formed is approximately 
50 nm.^ ■ 

(01 801 In addition, an organic semiconductor layer 42 is formed on the source 40 
snd the chain 41 (Fig. 14). This organic semiconductor layer 42 may be formed by spin 
coating, deposition, an l/J method, or the like using an organic material. In this embodiment, 
a batting material in the liquid form containing anthracene dissolved in xylene is spin coated, 
so that an organic semiconductor film composed of anthracene is formed. The thickness 
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thereof is 200 nm. As a material for forming an organic semiconductor film, in addition to a 
fused polycyclic aromatic group, such as lefracene or pentacene, a conjugated oligomer or 
polymer, such as hexathienylene, oHgothiophene, or polyacethylene, may also be used. 

[0181 ] Next, a gate insulating film 43 is formed on the organic semiconductor 
layer 42. For this gate insulating film 43, the same material as that for the interlayer 
insulating film 30 may be used. In this embodiment, by using a PVA film, a thickness of 
1 firn is formed by spin coating. In addition, as shown in Fig. 15, a gate line 44 is formed so 
as to cover corner portions of the source 40 and the drain 41. This gate line 44 is formed by a 
coating method using a toluene solution containing a liquid gold-based material as in the case 
of the source 40 and the drain 41. As a solvent for this liquid gold-based material, toluene is 
ussd. The thickness of the gold film thus formed is approximately 50 run. 

[0182] Next, an interlayer insulating film 50 is formed on the gate insulating 
film 43 and the gate line 44, and subsequently, a via hole 31 is formed as described above 
{Fig. 16). However, in this step, after parts of PVA films are dissolved and removed by pure 
water, a part of the organic semiconductor layer is dissolved and removed by xylene, so that a - 
source Hue and the source 40 can be electrically connected to each other. A detailed process 
for forming the hole is equivalent to that described above with reference to Figs. 1 to 3. 
By using an organic silicon compound having an aromatic hydrocarbon group as a starting 
material for forming a molecular film, a via hole is formed by bght irradiation for a short 
period of time. In this embodiment, (heptadecaflu6rooctylbenzi1)trietb.oxysilane is used. 

[0183] Finally, a source fine 55 is formed on the interlayer insulating film 50 at a 
position corresponding to the via hole 31 (Fig. 17). The source line 55 is formed together 
with an interlayer wire 32 so as to be connected to the source 40. A material is formed by an 
L'J method using a toluene solution containing a liquid gold-based material as described in the 
case of the source 40 and the drain 41. The thickness of the gold film thus obtained is 
approximately 50 nm. As described above, the basic process is completed. In this 
embodiment, a protection film or the like may be formed on the source line 55. 

[0184] In tins embodiment, the formation of an organic electroluminescent element 
can be performed prior to the formation of an organic thin-film transistor, however, the 
formation of an orgauic thin-film transistor may first be formed. In the case described above, 
a molecular film formed of an organic silicon compound having an aromatic hydrocarbon 
i;rcup roay also be used for forming a via hole. 

{0185] In this embodiment described above, the organic thin-film transistor is 
formed hy using a method for manufacturing a molecular film pattern of the present 
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invention, however, it is apparent that the method for manufacturing the molecular film 
pattern, of the present invention is effectively applied to the production of transistors, which 
are generally used, that is, is effectively applied to the production of silicon-based transistors 
or thin-film transistors (TFT) formed on insulating substrates. 

[0186] In conclusion, conventional steps using a photolithographic method for 
manufacturing semiconductor devices, electronic devices, electro-optical devices, and the lfke 
can be basically performed by using the manufacturing method for the molecular film pattern, 
the manufacturing method for the semiconductor devices, and the manufacturing method for 
the electro-optical devices according to the present invention. 

(0187) Next, several examples of electronic apparatuses to which the electro-optical 
device described above is applied will be described. Pig. 18 is a perspective view showing 
the structure of a mobile personal computer to which the electro-optical device described 
above is applied. In this figure, a personal computer 1 100 has the structure composed of a 
display unit 1 106 and a main body 1 104 provided with a keyboard 1102. The display 
unit 1 106 can include the electro -optical device 1 00 described above. 

[0188] Fig. 1 9 is a perspective view showing the structure of a mobile phone having 
the electro-optical device 100 applied to a display unit of this mobile phone, hi this figure, in 
addition -to a plurality of operation buttons 1202. an ear piece 1204, and a mouthpiece 1206, a 
mobile phone 1200 can include the electro-optical device 100 described above. 

1 01 $9 1 Fig. 20 is a perspective view showing the structure of a digital still camera 
provided with the electro-optical device 100 shown in Fig. 7 which is used for a viewfinder 
of the camera. In this figure, the connection with external apparatuses is also briefly shown. 
Compared to a gen eral camera which exposes a film using an optical image of an object, a 
digital still camera 1 300 produces image signals by performing photoelectric conversion of 
an optical image of an object using an imaging element such as a CCD (Charged Coupled 
Device). The electro-optical device 100 described above is provided on the back surface of a 
case 1302 of the digital still camera 1300 so as to perform display in accordance with the 
image signals provided from the CCD, and the electro-optical device 100 serves as a 
viewfinder for displaying the object. Jn addition, a light-receiving unit 1304 containing an 
optical lens, the CCD, and the like is provided on an observing side (the back surface side in 
the figure) of the case 1302. 

[0190] When a picture taker views an object image displayed on the electro- optical 
device 100 and then presses a shutter button 1306, an image signal of the CCD at that time is 
transferred to and stored in a memory of a circuit substrate 1308- In addition, in this digital 
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still camera 1300, a video signal output terminal 1312 and an input/output terminal 1314 for 
data cornmurrication are provided on the side surface of the case 1 302. As shown in the 
figure, when it is necessary, the former, i.e., the video signal output terminal 1312, and the 
latter, i.e., the input/output terminal 1314 for data communication, are connected to a 
television monitor 1430 and a personal computer 1430, respectively. Furthermore, the 
structure is formed so that the image signal stored in the memory of the circuit substrate 1308 
is output on the television monitor 1430 or to the personal computer 1440 by a predetermined 
opeiation. 

[0191J As an electronic apparatus to which die electro-optical device 100 of the 
present invention can be applied, in addition to the personal computer shown in Fig. 18, the 
mobile phone shown in Fig. 19, and the digital still camera shown in Fig. 20, there may be 
mentioned a television, a viewfinder type and a direct viewing video tape recorder, a car 
navigation apparatus, a pager, an electronic notebook, an electronic calculator, a word 
processor, a workstation, a television phone, a POS terminal, an apparatus provided with a 
touch panel, and the like. Accordingly, the electro-op tica) device 1.00 is naturally applied to' 
di'st'I-y. units f?f the various electronic apparatuses described above. 

[0192] According to the present invention described above, a patterning technique 
\y> kl- can easily form a molecular film pattern at a high speed can be obtained, and the .. ■. ■ 
nr^ber of steps of manufacturing semiconductor devices or electro -optical device? and the 
cost thereof can be decreased. 



m m * ?m AT Wnm 1 1:44:32 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/24 * DNIS:2731379 * CSIO:703 836 2787-* DURATION (mm-ss):1644- 



01/13/2004 11: 51 FAX 703 836 2787 OLIFF & BERRIDGE , PLC n| 81031 



" 1 




Mft WracyURINC MET H OD OF -MQLECO LA R FH , M P^O'rEUN, MOL E CULAR FILM :n& 3^E£E£U_ 
MAMSEft CTURIMG METHOD -QF S S M XCQH DIICTOR DEVICE, S EMI CONDOCTQR DEV_TCE^_ 

_^jwiam?g ACTunlHG MET H OD u* 1 £ LKCTftONl(J PEvTUE; T R ONIC I ^ i ' a i <J ^.T U S — 

The present invention relates to a molecular film and a molecular 
film pattern, both of which are formed on a surface of a substrate or on 
an underlying layer, and relates to manufacturing methods therefor.' In 
additici;, the present invention al3o relates to a semiconductor device 

-vice, both of wliich use the molecular film, 



addition, the present inventic 
.?.r\'J to r'.n electro-opt icalMtiex 



!-he ..'TD-Iecvlar film pattern^ and the manufacturing methods therefor 
.ai:r.«.L j.Ci.-ii^. -vbovi^ and relates to manufacturing methods for the devices 

f . -?m-:nq manufacturing seeps of semiconductor devices or eJ ectrr>- ■ 

sec 



optricujfd** "ices, a photolithographic method has been used for a step of 
patterliiiKf a thin-film, which is i»i*fe^g£ important stepM. A 



phcto lit ho graphic method is capable of forming a highly fine pattern of " 
-tins sub*n:Lc.ron order. In general, patterning using a photolithographic' 
i:i~i:;hod ^performed by the steps described below. First, a thin-film to 
be patterned is formed over the entire surface of a substrate. in 
addition, the formation of a resist film, exposure, development., 
rinsing, and the like are performed, thereby forming a resist pattern. 
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Subsequently, by Oising the resist pattern as an etching resistant mask, 
the thin-film disposed thereunder is etched so that unnecessary parts 
are removed, thereby rtorming a desired pattern. 



ne .solvoq nv \ne Invention^ 



^hen patterning is performed by using a' photolithographic 
method as described above, a number of steps must be performed. On the 
other hand, in recent years, attempts in which patterning is performed 
using a molecular film having a thickness smaller than that of a resist 

f 

film have been made in order to decrease the number of steps! &owever> a 
molecular rilm having a more superior photolytic property has been 
desired. <- 

Accordingly,, a first object of the present invention is to 
efficiently foKTti a molecular film pattern by using a molecular film 
having a superior photolytic property. A second object is to obtain a 
semiconductor device and an electro-optical device by using the 
molecular film, the molecular film pattern, and the manufacturing 

0 ^A^o^ 



methods therefor described AHrvu-^ ahrt a ^£jwp*-h object is to provide 
xaethoos for manufacturing the semiconductor device and the electro- 
optical device described above ♦ 

Disclosure of Invention sC&A Mtlodfi^ 

A first method for manufacturing a molecular film pattern according 
to the present invention ^mttpxxsS3 a step of forming a molecular film by 
using a photolytic organic silicon compound, which contains an aromatic 
hydrocarbon group, as a starting material; and a step of irradiating the 
vkoI ocular film with a light. According to this method, since the 
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molecular filjn described above is formed of the organic silicon compound 
containing an aromatic hydr6carbon group which has high photoabsorption 
^ efficiency, a desired molecular film pattern can be easily formed by 

performing light irradiation on the molecular film in accordance with a 
' predetermined pattern shape. In this specification, the molecular film 




film having a thickness of 100 nm or less. Ideally, the 
thickness is preferably 5 rrm or less. However, a molecular film formed 
of a material having polymeric chains may have a thickness of 100 nm or 
mora in some cases. v q&*\ m ckicL? 

A second method for manuf actur £ng a molecular film pattern 
\}t according :;o the present invention flr^'p^L in. * a step of forming a 
\i- Oscular film by using an organic, silicon compound as a starting 
. -arterial , the organic silicon compound having a chemical structure 
■represented by the following formula (1); and a step of irradiating tha 
molecular film with a light. According to this method, .since the 
molecular film described above is. formed of the organic silicon compound 
containing an aromatic hydrocarbon group which has high photoabsorption 
efficiency, a desired molecular film pattern can be easily obtained by 
performing light irradiation On the molecular film in accordance with a 
predetermined pattern shape. As the aryl (Ar) group in the formula (1), 
.for example, there may be mentioned a phenyl group/ a biphenyl group, a 
r.vaphthyl group, an anthryl group, or a phenanthryl group. It may also 
bs bonded to a major chain of a polymer via (CR2) nx -2 which is a " l " 

substituent bonded to the aromatic hydrocarbon group. 
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In the above formula, n, m, p, Ar, X, Y r ^nti R are as follows: 
n i* an integer of 0 or more; 
m is an integer of 0 or more; 
p is an integer of 0 or more; 
Ar is an aryl group; 

R is a hydrogen atom or a fluorine atom; 

'■' ■ y. i.ti a halogen group such as a chlorine group, an amino group, or an 

.":'■» f- J. koxyl group; 

'.i -:U* «nn alkyl group, an aryl group, or a hydrogen atom; and 

■ ■ Z- -3 v'.n a.lkyl group, a per f luoroalkyl group, a silyl group, a cyano 

>V!<. yrouo, an amino group, or a thiol group'. 

ijhird method for manufacturing a molecular film pattern according 
to t:£if* present invention ^Bgrr^f^** a step of forming a molecular film by 
usitt/J ^u organic silicon compound as a starting material, the organic 
£!.ilia-0'tt compound having a chemical structure represented by the 
following formula (2); and a step of irradiating the molecular film with 
a light. According to this method, since the molecular film described 
■tfbovw is formed of the organic silicon compound having a ir electron • ■ 
jpjy.-cit.Gro of the benzene structure which has high photoabsorpt ion 
efficiency, a desired molecular film pattern can be easily obtained by 
:.;.t ; onning light irradiation. ■ • * -" • ■ 
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in th«s oiiiove formula, n, p, R , R / R * X, and Y aire as follows: 
n is *n integer of 0 or more; ' 
p a T i integer of 0 or more; «■''-. 

.'P." is/ hydrogen atom, a halogen atom, a perf luoroalkyl group, a . 
r\y<\.i; group, a thiol group, an amino group, an alkylamino group, an. . 
o..].:<o:;yl group, an alkyl group containing a hydroxyl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino - 

grOV'.p, or an alkyl group containing' an alkylamino group; 
R~ la a hydrogen atom, a halogen atom, a pert luoroalkyl group, a 
hydroxyl group, a thiol group, an amino group, an alkylamino group, an 
alkoxyi group, an alkyl group containing a hydroxyl group, an alkyl 
croup containing a thiol group, an alkyl group containing an amino 
group, an alkyl group containing an alkylamino group, an organic silicon . 
c ; :co^.p, ox an alkyl group containing an organic silicon group; 

.1 jy & halogen atom, a perf luoroalkyl group, a hydroxyl group, a thio"T 
M-rOi/.p, an amino group, em alkylamino group, an alkoxyl group, an alkyl 
orCVJ: V.> containing a hydroxyl group, an alkyl group containing a thiol 
£2TOUp.,- an alkyl group containing an amino group, an alkyl group 
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containing an alkylamino group, an organic silicon group, an alkyl group 
containing an organic silicon group, an aryl group, or an alkyl group 
containing an aryl group; 

X is a halogen group such as a chlorine group, an amino group, or an 
nlkos;yl group; and . { i 

Y is an alkyl group or an aryl group. 

A fourth method for manufacturing a moJ^cular film pattern 
according- to the present invention egMpp^ j fo Q c ».. a step of forming a 
molecular film by using an organic silicon compound as a starting 
-••nt^.T.'.a.l .. -che organic silicon compound having a chemical Structure 

by the following formula (3) ; and a step of irradiating th^v:.v;- 
■ i'i!Un with a light. According to this method, since the . . 

; v..C.- fiira described above is Eo.rmed of the organic silicon compound - ... 

: x:^.nc r.i 7i electron system of the naphthalene structure whi*n has. high.: . . 
olv. •.'.osbr.cr-ption efficiency, a desired molecular film pattern can be 
oa.tiiy oiuiiimid by performing light irradiation- ~ ■ \ 
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- ■ v 1>. the .above formula, n, p, R , R , R , X, and Y are as follows; 
^■{■-•■■■ Ti _.s *«i Intsqer of 0 or more; ' 
j Is an integer of 0 or more;. 

.Tt" i..s a hydrogen atom, a halogen atom, a perf luoroalkyl group, a 
■H'- hydJrQxyl group, a -'iihiol group, an amino group, an alkyl amino groups an , 
alkoxyl group- an alkyl cjroup containing a hydroxyl group, an alkyl 
group . containing a thiol group, an alkyl group containing an amino 
"group, or an alkyl group containing an alkylamino group; 
r~ is a hydrogen atom, a halogen atom, a per f luoroalkyl group, a 
hydroxyl group, a thiol group, an amino group, an alkylamino group, an 
al'fcoxyl group, an alkyl group containing a hydroxyl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, an alkyl group containing an alkylamino group, an organic silicon 
group, or an alkyl group containing an organic silicon group ; 

is V* hydrogen atom, a halogen atom, -a perf luoroalkyl group, a 
hydro;:/! group, a thiol group, an amino group, an alkylamino group, an 
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alkoxyl group, an alkyl group containing a hydroxyl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, an alkyl group containing an alkylamlno group, an organic silicon 
group, or an alkyl group containing an organic silicon group; 
X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

y is an alkyl group or an aryl group. Cj*<\ Melody 

A fifth method for manufacturing nolecular film pattern according 
to tha present invention ^ampS^^ a step of forming a molecular film by 
using an organic silicon compound as a starting material, the organic 
silicon compound having a chemical structure represented by the 

•^oXl^w;:.rjC formula (4); and a step of irradiating the molecular film with 
<i iig-TL-.. According to this method, since the molecular film described 

1 'above i« formed of the organic silicon compound having: a n' electron 
system or the naphthalene structure which has high photoabsorption 
sffici-ancy, a desired molecular film pattern can be easily obtained by 
perf arming light irradiation , 

■ i erg, 



Y 3 -. P X p Si 




(4) 



; : > t;h<-. above formula, n, p, R , R , R , X, and Y are as follows: 
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n is an integer of 0 or more; 
p is an integer of 0 or more.; 

P. 1 is a hydrogen atom, a halogen atom, a perf luoroalkyl group, a 
hydroxy! group, a thiol group, an amino group, an-.alKyland.no group, an 
alkoxyl group, sn alkyl group containing a hydroxyl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, or an alkyl group containing an alkylamino group; 
R~ ±t. a hydrogen atom, a halogen atom, a perf luoroalkyl group, a 
hyoroxyl group, a thiol group, an amino group, an alkylamino group, an 
■^l-V.oxyl group, an alkyl group containing a hydroxyl group, an alkyl 
c;-ou» containing a thiol group, an alkyl group containing an amino 
groin;, an a Iky 1 group containing an alkylamino group, an organic silicon 
g::cup, or an alkyl group Containing an organic silicon group; 

a. hydrogen atom, a halogen atom, a perf luoroalkyl group, a 
hydroxyl group, a thiol group, an. amino group, an alkylamino group, an 
alkoxyl group, an alkyl group containing a hydroxyl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, an alkyl group containing an alkylamino group, an organic silicon 
group, ox: an alkyl group containing an organic silicon group; 
X is a halogen group such as a chlorine group, an amino group, or an 
aXfco^yl group; and 

Y iu an alkyl group or an aryl group- /^cfucLfi^ 

A sixth method for manuf actur w^olecular film pattern according 
to the present invention o^^r^Cs a step of forming a molecular film by 
usi:m an. organic silicon compound as a starting material, the organic 
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silicon compound having a chemical structure represented by .he 
following formula (5>; and a step of irradiating the molecular film with 
a light. According to this method, since the molecular film described 
above is formed of the organic silicon compound having a * electron 
Hys ,. ftW of til e biphcnyl structure which has high photoabaorption 
efficiency, a desired molecular film pattern can be easily obtained by 
per-onnir.g light irradiation. 



Vg-pXpSi 




(5), 



I„ t!>c .bov. lormul.. n. P. R*, R 2 . •? , *' ■ *• '" d * «" " « llo " S: 
n is an integer of 0 or more; 
p an integer of 0 or more,- 

r 1 ;, s hydrogen atom, a halogen atom, a perf luoroalkyl group, a 
Uyo-oxyX group, a thiol group, an amino group, an alkylamino group, an 
«ikoxyl group, an alkyl group containing a hydroxy 1 group, an alkyl 
or-,"9 containing a thiol group, an alkyl group containing an amino 
, ; rov.p, it an alkyl group containing an alkylemino group; 

is ■>. hydrogen atom, a halogen atom, a perf luoroaikyl group, a 
f.ydroriyJ, group, a thiol group, an amino group, an alkyl amino group, an 
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alkoxyl group, an alkyl group containing a hyuroxyl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, an alkyl group, containing an alkylamino group, an organic silicon 
group, or an alkyl group containing an organic silicon group; 
r 3 is a halogen atom, a perf luoroalkyl group, a hydroxyl group, a thiol 
group, an amino group, an alkylamino group, an alkoxyl group, an alkyl 
group containing a hydroxyl group, an alkyl group containing a thiol 
group, an alkyl group containing an amino group, an alkyl group 
containing an alkylamino group, an organic silicon group, or an alkyl 
'group containing an organic silicon group; 

a 4 :, ; i s a hydrogen atom, a halogen atom, a per f luoroalkyl group, a 
iiyrjroxv*. group, a thiol group, an amino group, an alkylamino group, in. 
a-.kottyjL :n:oup, an alkyl group containing a hydroxyl group, an alkyl 
croup confining a thiol group, an alkyl group containing an amino. .. 
rjjroup, ::n alkyl group containing an alkylamino group; . an organic silicon 
rjroup, or an alkyl group containing an organic silicon group; 
X !L* a halogen group such as a chlorine group, an amino group, or an 
aifcoxyl group; and 

Y is an alkyl group or an aryl group. 

A seventh method for manufacturing a. molecular film pattern 
according to the present invention ggfflpr^ag^ a step of forming a 
molecular film by using an organic silicon compound as a starting 
material, the organic silicon compound having a chemical structure 
represented, by the following formula (6); and a step of irradiating the 
molecular film with a light. According ho this method, since the 
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molecular film described above is formed of the Cic,^ nic silicon compound 
having a n electron system. of the pyridine structure which has high 
photoabsorption efficiency,, a desired molecular film pattern can be 
easily obtained by performing light irradiation. In addition, due to 
high affinity of the nitrogen atom of the pyridine ring to various 
positive elements such as metal elements, a complex with the element 
mentioned above may be easily formed, and by performing appropriate 
chemical treatment, additional functions may be further provided for the 
molecular film pattern. \ 




the above formula, n, p, R , R / X, and Y are as follows: 
n is ai- integer of 0 or more; 
p is an Integer of 0 or more; 

is a hydrogen atom, a halogen atom, a pert" luoroalkyl -group, a 
hvdroxy.\ group, a thiol group, an amino group, an alkyl amino group , an 
3lko::yl groups an alkyl group containing a hydro^yl group, an alkyl 
grcuo containing a thiol group, an alkyl group Containing an amino 
grciro, \ or an alkyl group containing an alkylamino group; 

i S h-ilogen atom, a per f luoroalkyl group, a hydroxy! group, a thiol 



PAGE W! * RCVD AT 1/13/2004 1 1 :44:32 AM [Eastern Standard Time] < SVR:USPTO-EFXRF-1/24 < DNfS:2731379 * CSID:703 836 2787 * DURATION (mm-ss):1644 



01/13/2004 11:53 FAX 703 836 2737 



OLIFF & BERRIDGE. PLC 



®043 



FO0667-4 

- 13 - 



group, an amino group, an alkylamino group, an alkoxyl group, an alkyl 
group containing a hydroxyl group, an alkyl group containing a thiol 
group, an alkyl group containing an amino group, an alkyl group 
containing an alkylamino group, an organic silicon group, an alkyl group 
containing an organic silicon group, an aryl group, or an alkyl group 
containing an aryl group; 

X is a Halogen group such as a chlorine group, an amino group, or an 
aikoxyl group; and 

McLcj-B- 

Y is an alkyl group or an aryl group. 

An eighth method for manufacturing a Macular film pattern 
■ ' ? Wiling to the present invention a **«P of :Corming a '.. , 

w ,,:!.,--U';,: -,.r film by using an organic silicon compound as a starting _ 
.... . , , ,- ne organic silicon compound having a chemical structure 
^Wr***n*«d by the following formula (7); and a step of irradiating the 
w»l««C*x film w > ith a ^9 ht - According to this method, since the 
^Macular film described above is formed of the organic silicon compound 
cwmfcjvifiiny a conjugated electron system heterocyclic group, such as 
thiophcne, pyrrole, or furan, which has high photoabsorption efficiency, 
„ desired molecular film pattern can be easily obtained by performing 
iAC'ht irradiation. In addition, since the organic silicon compound 
described above has a heteroatom having reactive functionality, such as 
^ sulfur atom, a nitrogen atom, or an oxygen atom, which forms the 
heterocyclic ring, by performing appropriate chemical treatment, 
additional functions may be further provided for the molecular film 
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SiX p Y 3 -p 



(7) 



n n _ „ „ n 2 x Y. and Q are as follows; 

Tn the above formula, n, p, R . R r *■> 1 1 « 

;m is an integer of 0 or more; 

p iic' integer of 0 or more; 

K 1 A a a hydrogen atom., a halogen atom, a perf luoroalkyl group, a 
aydroxyl g^ap, a thiol grou P/ an amino group, an alkylamino group, an 
alkexyi group, an alkyl group containing a hydroxy 1 group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, or an alkyl group containing an alkylamino group; 
R 2 is ft halogen atom, a perf luoroalkyl group, a hydroxyl group, a thiol 
group, an amino group, an alkylamino group, an alko.xyl .group, an alkyl 

containing a hydroxyl group, an alkyl group containing a thiol 
? ror,p, an alkyl group containing an amino group, an alkyl group 
c^ainiug an alkylamino group, an organic ailicon group, an alkyl group 
, : o.-,.,ii,ing an organic silicon group, an aryl group, or an alkyl group 
containing an aryl group; 

at : :.n a halogen group such as a chlorine group, an ammo group, or an . 
olkoxyi group; 
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• £ M sn alkyl group or an aryl group; ana 

q , s , nitrogen (N) atom, an oxygen (O, atom, or a sulfur (8) atom, each 
having a hydrogen atom or an alkyl group. 

A ninth method for manufacturing a molecular film pattern according 

,, tfce pr R ,ent invention W ? f , f £f ng 3 ^ 

using an organic silicon compound assarting material, the organic 
silicon compound having a chemical structure represented by the 
following formula <B„ and a step of irradiating the molecular film with 
. light. ^ceding to this method, sine, the molecular film described 
abev, is formed of the organic silicon compound having a benzene ring 
provided with a fluoroalKyl group which has a superior liquid-repellent 
property, this molecular film has superior photoreactivity and a high 
liquid -repellent property. Accordingly, by performing light irradiation 
on this molecular film, a molecular film pattern having a different 
Xi^id-repellent property can be formed. In addition, in order to 
obtain a superior liguid-repellent property, the number of atoms of a 
, ar b U a chain of a fluoroalkyl group is preferably three or more. 




(8) 



Tn 'the . above formula 
n is an integer of 0 or more 



, n , m, r, P, St\ *, »nd Y are as follows: 
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m is an integer of 0 or more; 

r is a positive integer? 

p is an integer of 0 or more; 

r 1 is a hydrogen atom, a halogen atom, a per f luoroalkyl group, a 
hydroxy! group, a thiol group, an amino group, an alkylamino group, an 
alkoxyl group, an alkyl group containing a hydro*yl group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, or an alkyl group containing an alkylamino group; 
X is a halogen group such as a chlorine group, an amino group, or an 
{ : >ltfGXyl gxoup; and ■» 
. 7- nlkyl group or an aryl. group. 



AX 



-:enth method for manufacturing a molecular film pattern according 

_ „ Cc5>v i^VlIoA^. 

<:W* nreaent invention ^i^Ta step of forming a molecular film, by.- 
*Wfy&nri organic silicon compound as a starting material,, the organic .;. 
f ,iv ; : cc , n compound having a chemical structure represented by. the 
following formula (9); and -a step of irradiating the molecular film with 
- A^ht, According to this method, since the molecular film described 
afco-ve is formed of the organic silicon compound, which has a f luoroalkyl.. 
gifoup provided with a superior liquid-repellent property in addition to 
a n electron system of the biphenyl structure provided with high 
phot oansorpt ion efficiency, when light irradiation is performed on this 
nalf , C!a?ii - film, a molecular film pattern having a different liquid- 
-epcl.lent property can be formed. in addition, in order to obtain a 
superior liquid-repellent property, the number of atoms of a carbon . t 
r : hai::^oi: a fluoroalxyl group is preferably three or more. 
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In the above fcimula, n, m, r r p, R 1 , X, and Y are as follows: 
n is at integer of 0 or more; 
iii is rw. integer of 0 or mare; 
r ?-i positive integer; 
v? i=j an .Integer of 0 or more; 

j 1 j;. T; hydrogen atQiP, a halogen atom, a perf iuoroaikyl group/ a * 
hvdLvro^yi g;:oup r a thiol group, an amino group, an ' alkyl ami no group, an 
;#i.*&3.koyyl group / an alkyl group containing a hydroxy 1 group, an alky! 
group -:>riUining a thiol group, an alkyl group containing an amino 
qroup, :<■■ an alkyl group containing an alkyl ami no group; 

X is a hr.logen group such as a chlorine group, an amino group, or an 

v is an v.lkyl group or an aryl group. 

An eleventh method for manufacturing molecular film pattern 
according to the present invention fe&rfcdx&tt a step of forming a 
:aolscular film by using an organic silicon compound as a starting 
jn^tp.^ial, the organic silicon compound having a chemical structure 
r( ,.. )rf: ,, enT -d by the following formula (10); and a step of irradiating the 
liii-ierciuar -film with a light. According to this method, since the 
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molecular film described above is forraea o± i_ne organic silicon 
compound, which has a fluoroalkyl group provided with a superior liquid- 
repellent property in addition to a n electron system of the biphenyl 
structure provided with high photoabsorption efficiency, when light 
irradiation is performed on this molecular film, a molecular ( film 
pattern having a different liquid-repellent property can easily be 
formed. In addition, in order to obtain a superior liquid-repellent 
property, the number of atoms of a carbon chain of a fluoroalkyl group 
is pre£-er»bly three or more. 




(10) 



C r F 2r +i 



>-r -t:>ie fibove formula, n, m, r, p, R , X, and Y are as follows: 

■n is an integer of 0 or more; 

m is fer, integer of 0 or more; 

r is ci positive integer; . 

p- is Art integer, of 0 or more; 

R J * Lxi s. hydrogen atom, a halogen atom, a perf luoroal kyl group, a 



PAGE 48/77 RCYD-AT 1/13/2004 1 1:44:32 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/24 * DNIS:2731379 ' CSID:703 836 2787 * DURATION (mm-ss):1644 



01/13/2004 11:54 FAX 703 836 2787 OLIFF & BERRIDGE , PLC (21049 



F006674 

- 19 - 



hvdroxyl group, a u. 0 l group, an amino group, an al.ylan.ino group, an 
alkoxyl group, an alkyl group containing a hydroxy! group, an alkyl 
group containing a thiol group, an alkyl group containing an amino 
group, or an alkyl group containing an alkylamino group; 
X is a halogen group such as a chlorine group, an amino group, or an 
alkoxyl group; and 

y i3 an alkyl group or an aryl group. 

in a twelfth method for manufacturing a molecular film pattern 
according to the present invention, R 1 of the organic silicon compound 
according, to one of the methods for manufacturing the third to sixth and 
,, : -,,-. nt h to eleventh molecular; film patterns of the present invention 

:,3 ... ^rfluoroalkyl group. According to this method, the molecular film 
ascribed above' is formed of the organic silicon compound containing the 
r perfiuoroalkyl group at the ortho-position with respect to the organic . 
silicon group- in this type of organic silicon compound, since a 
silicon atom and a fluorine atom having a high affinity thereto are 
spatially adjacent to each other, the attack of the fluorine atom to the 
silicon atom easily occurs, ^d! lenoe, the photoreaotivity or the 
photolytic property^^aproved. Accordingly, a molecular film pattern 
.y.„ s , b « obtained toy light irradiation for a short period of time. 

•In a thirteenth method for manufacturing a molecular film pattern 
according to the present invention, R 1 of the organic silicon compound 
according to one of the methods for manufacturing the third to sixth and 
the ninth. to eleventh molecular film patterns of the present invention 
is a i-.riflaoromethyl group. According to this method, the molecular 
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f j.JUi described tibove is formed of the organic silicon compound 
containing a trif luoromethyl group disposed at the ortho-position with 
respect to the organic silicon group. In this type of organic silicon , 
compound, since a silicon atom and a .fluorine atom having a high 
affinity thereto are spatially adjacent to each other, when photolytic 
reaction occurs, the photoreactivity or the photolytic property ij^f ^ 
improved by the assistance of the fluorine atom. Accordingly, the 
molecular film pattern can be obtained by light irradiation within a 
short period of time. In this method, as the organic silicon compound 
for forming this molecular film/ a compound represented by the formula . 
(11} or ;'12) is mentioned. 





X 3 Sk 




F 3 C 



lil ChS -above formula, n and q are as follows : 




q 'vg ?n integer c;;t t.cr more. 
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Ir. the above formula, n and p are as follows: 

n- integer of 0 or more; and 

P is- an integer of 1 or more, 

v rj 5t fourteenth method for manufacturing a molecular film pattern 
^''C.cc^^ii^ to che present invention, the thickness of the molecular film . 
VT: :?.oc.6;.diiig to the method for manufacturing the molecular film pattern of .. 

th:'-; aroaftn'.: invention is 3 ran or lass. This molecular film has a 

tu/lckn^Stt enough to modify the properties of the surfaces of the : : ■-. 

" •*%-swbST.rat,® or the underlying layer, and when the molecular film pattern 

is formed, high contrast of the surface functions or surface properties 

can he obtained. 

A molecular film pattern of the present invention may be formed by 
onft 0 f ^he methods for manufacturing the molecular film patterns 
described above. Since the molecular film. pattern described above is a 
molecular film pattern formed by patterning a molecular film having 
various functions such as a liquid-repellent property, surfaces with 
different functions are exposed in this molecular film pattern. 

A method for manufacturing a semiconductor device of the present 
indention comprises a step of forming a molecular film pattern according- . 
to the ■■ -.manufacturing method for the molecular film pattern described 
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above . In the method for manufacturing the semiconductor device 
described above, since the method for manufacturing the molecular film 
pattern may be used instead of, for example, a photolithographic method, 
the number of steps can be decreased. This type of method for 
manufacturing the semiconductor device can be effectively applied to a 
semiconductor device such as a transistor which is formed by a process 
including a step of forming a pattern. For example, in addition to a . 
silicon-based transistor and a thin-film transistor, an organic thin- 
fUm transistor having a semiconductor layer formed of an organic 
-material may be mentioned. ^C* n 



A first semiconductor device of the present invention 
■ act.ured by the method for manufacturing the semiconductor device 

described abov^. One of the features of this type of semiconductor 
^evi-7^ is that, since it is formed by, using a molecular film having a ■.■ 
tiKial.i. thickness, market demands to make thinner and more compact 
conductor devices can be satisfied. 

A method for manufacturing an electro-optical device of the present 
invent icm ■eoj^rinoc a step of forming a molecular, film pattern according 
ro thfe .method for manufacturing the molecular film pattern described 
^ ov ,,. i n the method for manufacturing the electro-optical device . ... 
dsi^lied above, since the method for manufacturing the molecular film • 
o-t:Y:orn described above can be used instead of, for example, a 
pbOt<\ lithographic method, the number of steps can be decreased. 
r_L<:>::- dir.'-ly, this type of method for manufacturing the electro-optical.- - 
devio^.^t.3 advantages in that the production time or the production cost 
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can be reduced. 

A first electro-optical device of the present invention is 
-J '-manufactured by the method for manufacturing the electro-optical device 
drancritoed above. 

!?' a second semiconductor device of the present invention is formed by 



I- 



3 

*3 



\ 

i / 



the manufacturing method described above and *jMiij,a iL *l: an area composed 
3fc'- an organic material. As an .example cf a semiconductor device using 
an organic material, a so-called organic thin-film transistor may be 
mentioned. In the manufacturing process therefor, a liquid-phase 



a' process, rach as a spin coating method or an Inkjet method, which does 



not. usually recfuire a complicated apparatus, may also be useJ, and 
wv;-^ ndvantaqe in production cost can also be obtained. 



ii ,?Kr.ond electro-optical device of the^-sar^ent invention is formed 
<J& ' H^v.vcV^ manufacturing method described above and g^rxj&j an organic: -. v - 



;;!$^t:r:;liminescent element . 



^ 71 method for manufacturing an electronic device of the present 

sr-v»-t;t - on ,4 gwipv!L3M a Step performed by using the method for 

s£" jaa:riu-i!a-w-;uring the molecular film patterns described above. As T.he 



electronic device, a diode may be mentioned by way of example. 
^5 &». electronic: apparatus of the present invention ^^^^^|^^^ e 

? el^ct ro -'Optical device described above as a display portion. 




u s c ription of the Drawings 




~~'*''~^^< :: , l is a cross-sectional view showing the state in which a 
SMlccvilAr- film is formed on a substrate^* 
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Fig- 2 is a cross-stctional view showing the statt in which the 
molecular film is patterned^ y 

Fig. 3 is a cross-sectional view showing a step of patterning the 
molecular filing ^ 

Fig. 4 is a cross-sectional view showing the state in which a 
second molecular film is formed in an area at which a first molecular 
film is removed^ ^ 

Fig. 5 is a cross-sectional view showing the state in which an 
eloctroless plating film is formed on the area which is covered with the 
Second molecular f iln^ T } - 

;i;icj. 6 is a view showing a first step of manufacturing an organic 
:3.L2j;.;ti:oi.umi ties cent device driven by an organic thin-film transistor^ / ' ' 

5'i-g; 7 1.4 a view showing a. second step of manufacturing the organic 
electroluminescent device driven by the organic thin- film transistor^ J r 

Fig. 8 is a view showing a third step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor^ * 

}?±g. 9 is a view showing a fourth Step of manufacturing the organic 
electroluminescent device driven by the organic thin - film transistor^ * 

Fig. 10 is a view showing a fifth step of manufacturing the organic 
file c troi umine scent device driven by the organic thin-film transistory " 

Fig. 11 is a view shewing a sixth step Of manufacturing the organic 
electroluminescent device driven'by the organic thin-film transistor^ * 

Fig . 12 is a view showing a seventh step of manufacturing the 
organic electroluminescent device driven by the organic thin-tiliu 
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Fig. .13 is a view showing an eighth step of manufacturing the 
organic electroluminescent device driven by the organic thin-film 
trans is tory ° ? 

fig. 14 is a view showing a ninth step of manufacturing the organic 
electroluminescent device driven" by the organic, thin-film transistor^ J 

Fig. 15 is a view showing a tenth Step of manufacturing the organic 
electroluminescent device driven by the organic thin-film transistor^ \ 

Fig. 16 is a view showing an eleventh step of manufacturing the 
organic electroluminescent device driven by the organic thin-film 

f _v.v - J 7 is a view showing a twelfth step of manufacturing the 
ov<-ai:io electroluminescent device driven by the organic thin- film • \ - 

-4^ — - xX'j- :i-8 is a view showing one application example in which an 
-j.vo-Ttro- optical device of the present .invention is mounted on a mobile 
tvpn .pwryonai computer^ * . " - 

S'iq. 19 Is a view showing one application example in which an 
r:.Le<;!:.j;'>--;)tical device of the present invention is mounted on a mobile 

phoi-^M A 

:>- H iv , 20 is a view showing one application example in which an 
^le-tro^optical device of the present invention is applied to a 
^iewfindsr" portion of a digital still camera, 
j /yf^er^.nce Numerals] 
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^er-inafter, preferred embodiments of the present invention will be 



Explanation for Manufacturing Steps of MoldCUiatf Film and 
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Molecular Film Pattern 

Manufacturing steps of a molecular film and a molecular film 
.pattern will be described briefly with reference to Figs. 1 to 5. 

First, as shown in fig. 1/ a molecular film 14 is formed on a 
surface of a substrate 1 1 by using an organic silicon compound 
containing an aromatic hydrocarbon group as a starting material. The 
molecular film 14 can be obtained by placing the organic silicon 
compound used as a starting material and the substrate in a closed 
container or by immersing the substrate in a solution containing the 
o.vpmic silicon compound used as a starting material followed by removal 
: :V-v' : • ■■)•'.' V.he yulvent . 

:«ftxt, as shown in Fi^. 2 r patterning of the molecular film 14 is 
oer£ora<ed. As a patterning method for a molecular film according to the \ ; 
■ -iM^w-o s cnt invention, for example, a light irradiation me t ho cTjJjsK performed. 
:As shown in Fig, 3, a light irradiation method is performed by 
irradiating the molecular film 14 with a light via openings formed in a 
photomask 19 provided for forming a thin-film pattern. Parts of the 
molecular film. 14 which are irradiated by .light are decomposed or 
removed, and hence, a molecular film pattern in accordance with the 
'■phot'^wask 19 is formed. • 

Furthermore, as shown in Fig. 4, only on the areas at which the 
paxt* of the molecular film 14 are removed, areas 15 composed of a 
r-ioleculsir film may also be formed in which the molecular film mentioned . 
abcv.f i^ .formed by using an organic silicon compound as a starting 
-flUitsr. : .£..i. having a functional group provided with a property or a 
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function different from that of the organic silicon compound for forming 
the molecular film 14. Accordingly, areas having surface properties 
different from those of the molecular film 14 can be formed on the 
surface of the substrate. When a functional group of the organic 
silicon compound forming the molecular film 15 is properly selected, for 
example, an electroless plating film 17 may be formed only on areas 
corresponding to the molecular film 15 as shown in Fig. 5. 
(2) Example 1 

Hereinafter, examples of steps of forming a molecular film and a 

'>'; -mulecular film pattern will be described tn particular. 

. "^* ,v »A S r^treatiuent , cleaning was performed by irradiating a quartz 

ttXp-s/s substrate with !JV light having a wavelength of 172 run for 10 i ... 

'■■ -minxes. The intensity of the UV light which was used -aras approximately 

• °M^ ; ^iW/cm .at the surface of the substrate. • 
*•"**'* "\ ,J 

< Vf-'M jjj^t , { Hept adecaf iuoi ooct ylbenzyl ) triethoxysilane , having a superior 

.1.:?,c'u: : .d-j-«p6Henl: property and being one of organic silicon compounds '. - ■■ 

• v.viv-g the chemical structure represented by the j^^^^^ formula 

i quartz glass substrate were kept in the 3am? closed container at-: 

. .ro-.?3i temperature for 96 hours, thereby forming a first molecular film* 

Sr;^-squ«Titayf in addition, the first molecular film is irradiated for...;. 

approx.i.tantely IS minutes with ultra violet light (a light intensity at;. 

2 

M.v?>- .Ufirts glass substrate was approximately 5 raW/cra ) having a 
.vftv^lcncrtfi of 308 nm using an excimer lamp via a photomask having a 

Strr--n pattern SO that parts of the molecular film which are not covered 
Vf'\, k, h<3. -Task are selectively photolyzed, thereby forming a first 
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molecular film pattern. 

When the contact angle at an area at which a molecular film was 
irradiated was observed for evaluating decomposition rate of a molecular 
.film by irradiation, it was found that the decomposition rate of the 
fir-st molecular film formed by using 

(heptadeeaf luorooctylbenzyl) triethoxysilane as a Starting material was 
three times or more that of a molecular film formed by using 
(heptadecaf luorotetrahydrodecyl) triethoxysilane as a starting material. 
According \\o this result, it was found that a molecular film formed by 
.)/» using an orcaniO silicon compound containing an aromatic group, such as 
■vij,:, ;;;»er.7.*ne, ,OS' a starting material exhibited an improved photolytic 
i .v. .:":J_i cienc.-y ♦ ■ . 

?-jg:vv: . ;.'-s substrate provided with the . firsts molecular film, pattern 
.a-^w-- w ua; . itffrisn^d using pure water and ethanol in that order and was then - - : 
;.:*im:?3&<3 -\-'t a mixed solution of ethanol containing 1 vol% of 
axtii'i";:Obe.ni-yltriethoxysilane for 5 minutes. In addition, when the 
o«jb-i"v-w^tt-^ was. washed, using ethanol and pure water in that order, a 
^^'::::s'aX Uicjiacular" film pattern formed by using aminaoenzyltriethoxysilane 
a „ * ct.t-^rting material was formed at areas at which the first molecular .. 
ril*\ ya:? ^amoved, • *' 

*texi;,. ':he substrate provided with the first molecular film pattern 
ana 'L-.:-,^ :;*cond molecular film pattern was immersed for approximately 2 ' * 
ir: j.nV'. - in .an aqueous solution containing palladium chloride so as to 1 l 

hHW- .U "j^ of 5«H at room temperature (30 ml of an aqueous solution 
iontain.i.r.'j 4fc of hydrogen chloride and 0.2% of a palladium salt was 
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further dissolved in 1 liter o£ water for dilution) and waa then washed 
using running water for 3 minutes. Next, an electroless nickel plating 
solution (having a composition containing 30 g/L of a nickel salt and a 
nickel salt of hypophosphorous acid and 10 g/L ox sodium hypophosphite ) 
having a pH of 4,6 was maintained at 70°C, and this substrate was then 
immersed in the solution described above for approximately l minute. 
Subsequently, the substrate was recovered from the solution, was washed 
by running water, and was then dried. After drying, when observation 
v.-a-v par-formed by using an optical microscope , it was confirmed that a. 
•/lick*)., pattern v.? as formed on areas corresponding to the areas of fche • 
->-..;' •cXd.-al^.r film pattern on the substrate* , . it 4 

-he present invention, fin addition to a quartz glas? substrate, 
ira^ti^te on which a molecular film is. formed, various suDstr^ta,?.,, -: 
-v.-;. ju: ^ 1 wafer, glass, a plastic film, or a metal substrate, may be :; . 
U:3€?.d, on the surface of the substrate, a raetal film, a dielectric 

film- organic film, or the like may be formed as an underlying layer. 

a light source for irradiation used for forming a pattern Of a 
iuolecuisr film, in addition to the exciraer lamp described above, for 
^xaiK\>l£, a mercury lamp, a xenon lamp, a sodium lamp, an excimer laser, 
an Hd - VAG laser, or its higher harmonic wave may also be used, 

in the example described above, when a molecular film pattern 
having u liquid-repellent property is formed, an organic silicon 
compound having a long-chain fluoroalkyl group, such as 

{hcptod-cafluorooctylbenzyDtriethoxysilane which has a ^liquid-repellent 
pircp^rty. is preferably used as a starting materialj^however, the 
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compound having ^ general long-cliain// alkyl/group may also be ui^- 



subs.tituent bonded to a silicon atoKT^s not limited to an ethoxy gr °^ 
sueili us (heptadecafluoreoctylbenzyl) trre^ alkoxyl ■■ 

group such as a methoxy group, a halogen group such as a chlorine, a 
bromine, or an iodine atom, or an amino group may also be used. In 
particular, the case in which the surface of a substrate or an 
m.-ifsr-lying layer on which a molecular film is formed is covered with 
Hubstxtuents having chalcogen atoms, such as hydroxyl groups, may be 
pre^rabie in some cases. The reason for this is that when an organic 
silicon compound having th^ substituent bonded to the silicon atom 
described abov^ forms a molecular film, the molecular film may fona 
stSib!** bond with the substrate or the underlying layer. 

Zr. the example described above, in order to selectively form an 
;?'i.octroless plating film composed of nickel, an organic silicon compound 
h^dncj an amino group which has a high affinity to nickel was used as a ■ 
Start.:! nc? material for forming the second molecular film/ however, in 
acicJltrl.cn to . this compound described above, when a molecular f ilm formed 

us.ibs an organic silicon compound containing a thiol group, a 
hydroxyl group, a vinyl group, a hydrosilyl group, a cyarro -group , o~r~~ the ; 
■: s .X>..<$ I:.- used as a starting material, various metal thin-films, such as.-* 
^Cil'-l • copper, .tiay *lso be formed. Naturally, it is not always 
n^Gr r ».j:5sry to initially form a molecular film pattern having a liquid- . . 
re^el^.ent property as in the example described above, and a proper 
iv: •.;>.< acuIUi:.; film can be selectively formed in accordance with an object 
■fijha^ .liaht- irradiation is used for the formation of a molecular film 
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D^tterii, a moleculai i^lm formed by using an organic silicon compound as 
& starting material which contains an aromatic group having a chemical 
structure represented by one of the formulas (1) to (12) is preferably 
used. In addition, when an aromatic group, of an organic silicon 
compound is selected in accordance, with a wavelength used for light 
irradiation, a molecular film pattern can be more efficiently formed. 

In the case in which , light having a wavelength of approximately 300 
r.uu is used for forming a molecular film pattern, an organic silicon • • 
compound containing an aromatic group, such as benzene, naphthalene, or 
x.-i - > ... t.,0. r xs preferable as a starting material^ - and . ^ri the case in which ^ : 
%-i j. ;;..=- ivxnq a wavelength of 300 nm or more, an- organic silicon compound-'/ 

;.o.-'- • . an aromatic group, ^uch as anthracene, phenanthrene, or : 

v.g?:pr*.n-iyl J is preferable as a starting material. \ 1 

,?h<? *:?f ioienr.y uf photolysis does not only depend on an aromatic 
r,;~ : >-.ip of oraanic silicon ^ompoiJ^d^h^i ^l^o may be affected by a 
oub^t.vbacJiit .bonded to the aromatic group in some cases, For example, in 
an. organic silicon compound having a trif luoromethyl group at the ortho- ■ i 
=>n of an alkyl group containing an organic silicon group, such as • ' 
an organic -silicon compound having a chemical structure represented by 
the above Co mux la til ) or (12) , since the fluorine atoms each having " . 

affinity to the silicon atom are spatially adjacent thereto, 
i.ict:>---rit.lon energy required for breaking the bond between the silicon 
a tT-.. and the carbon atom decreases, and hence, a photolytic reaction • .'■ 
-j-:-: off iciently , In addition to a trif luoromethyl group, a ••; 
?st-h-T;?:ir-:5e.nt. containing an atom having high affinity to a silicon atom, -. ': 
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auci) es a hydroxy group, an a_i_koxyl group, or an amino group, may 
promote photolysis in some cases. 

(3> Synthesis Of Organic Silicon Compound used as Starting Material for 
Molecular Film _ n . I 




Wext, J^method for synthesizing an organic silicon compound used as 
a starting material for forming a molecular film will be described. As 
'typical synthetic methods for organic silicon compounds having the 
structures represented by the above formulas (1) to (12), the following 
two methods (i) and (ii) are mentioned. 

•i).: A reaction shown by the following general formula (13). This 

res-fee: I: .-:.*■■*) occurs between an organic silicon compound containing a halogen 

atou\ o. :in alkoxyl group end a Grignard reagent obtained from a compound 

hrrvi^o; azilog^n atom, such as a bromine atojn, a. chlorine atom, o:r «ar< . 

■■ itfillrM?- jtonif or a lithium reagent. '' 
■[Chemical 23] 

SiX p -hiY3-p 

\ Mg 

i:he <;?bove formula* n, p, and Ar 1 are as follows : 
r» an integer of 0 or more; 
?.i is B.n integer of 0 or more; and 

TV?.:' i£ a.n aromatic hydrocarbon group or a derivative thereof. 

filj A hydrosilation reaction shown by the following general 
for^li\ C X 4 ] . This reaction occurs between a compound having a double 

bciul or Mv ; >re between carbons and an organic silicon compound having at 
Irj.-yci:. -jnv • hydrogen atom bended to the silicon atom by heating and 



Halogen (-CH 2 ) Ar' SKp J lY l~ v Y 3 -pXpSi^CH 2 ]^-Ar' (13): 
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a-irring in the presence of a catalyse such as chloroplatinic acid. 



. HSK p Y3-p , . 

catafrst Y 3 .pX p Si-(cH 2 |-Ar- (14) 

In the above formula, n, p, and Ar T are as follows: 

n.. is- an integer of 0 or more; 

p is an integer of 0 or more; and 

Ar 1 is an aromatic hydrocarbon group or a derivative thereof. 

#i In the present invention; synthesis performed in accordance with 

Vi^ zh<- .j.er.had (i) ■will be described by way of example.. 

>::.) Synthesis of (CF3CF^CF2CF2CF2CF,2CH2CH2-C6H4-CH2 -Si (OEt } 3) 

•••=:-, .'^.v-v ;-<;unc\ A) 'V 

■ A :.-vr,gnesium ribbon is placed in a flask, and while an inert gas 

S*-*.:n firgori or nitrogen is allowed to flow therein, the ribbon is 
opproov.^ately heated and also stirred by a hot plate which is also used 
as 3 .stirrer, so that the magnesium ribbon (0.06 mol) i3 activated. 
Af'ter the operation described above is performed for approximately 1 
hour, the flask is cooled to room temperature, and approximately 5 ml of 
^the:c .\3 then added. In addition, by adding an extremely small amount 
of ■iibromoetha.iie by using a syringe, an activated surface of the 
Singnayium ribbon is exposed. Next, 20 ml of an ether solution 
containing 0.05 mol of p- (CF3CF2CF2CF2CF2CF2CH 2 CH2-C6H4-CH2-Br ) and 0.07 
mol oi: tetraet.hoxysilane is received in a dripping funnel provided for 
trie. .rJ.auk, and while being well stirred, this ether solution is then 
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slowly dripped in the mixture of tne magnesium ribbon and the ether. In 
the step described above, the temperature of the reaction solution is 
controlled by using an ice bath ox the like so as not to reach a 
temperature of approximately 40 D C or more. After dripping, the mixture 
thus obtained is stirred for approximately 15 hours at room temperature, 
the ether used as tne solvent is' removed by distillation, a small amount 
Of n<j;:ane is added, and a salt precipitated is filtered by using a Hyf la 
super-eel. In the step described above, filtration is preferably 
r^p^iU-Sf:'. until the haze of the filtrate disappears . Next, the solvent- 
Ir* t>-A- /titration is removed by .using a rotary ev&porator, and when 1 ;: ■ 

k r<?£ ; ..- >,'--- y< pssiire distillation of a. remaining oily material using. a ■ -i 
Kug-r. -..i niethod is performed, a. compound A ,i.s obtained at a rough yieie 
o:: ftp^-roxis-cately 40% . i 

i&H [ ■}.). Syn-.:-:.?.3iS of p- (KMe2Si - CH2-C6H4 -CH^-Si (OEt) 3) (Compound B) ' ':- ..'/-, 

A ^3>^esium ribbon i^-aiaced in a flask, and while an inert 9v&S% 
such si argon or nitroi/en^is/allowed \io flow therein, the ribbon is 
appr op ^Lately heated anoalso stirred by a hot plate which is also used 
as 2. stirrer, SO that the magnesium ribbon (0.06 moll is activated. 
After the operation described above is performed for approximately 1 
hour, the .flask is cooled to room temperature, and 5 ml of ether and 
CJ.05 latil-of dimethyichlorosilane (chemical formula: HMe^SiCl) are then 
a rW Next* 0.05 mol of dimethyl chl or osilane (HMe2SiCl) is added. 
Subsequently, 20 ml ox an ether solution containing p- ( Br-CH 2 -CeH4 "CH2 ~ 
7\r.) j'.'Gcaivad in a dripping funnel provided for the flask, and while 
b:-:.i i'»..= v-rsll.. stirred, this ether solution is then slowly dripped in the 
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zuixture of dimethylchlorosilane, the magnesium ribbon and the ether, -In 
the step described above, in order to avoid violent reaction, the 
■t-eactien- temperature is controlled by using an ice bath or the like so 
that the reaction proceeds appropriately. After the ether solution is 
dripped, the mixture thus obtained is stirred for approximately 15 hours 
at room temperature, a saturated aqueous solution containing ammonium 
chloride is slowly added, so that the magnesium salt thus formed is 
hydrolyzed. Appropriate amounts of ether and water are added, and 
sodium sulfate is added to an ether layer obtained by a separation' 
process, so that the ether layer is dried. Next, volatile impurities^ 
jsuch a-w the ether used as the solvent, are removed by using a rotary , 
csviipor^tor, and when reduced-pressure, distillation of a remaining oily 
material using a Kugelrohl method is performed, p- {HMe2Si-CH2-C£H4-CH2- 
Br) ii? obtained at a rough yield- of 90%. 

The synthetic route described below is almost equivalent to that 
for tho compourid A. That is, a magnesium ribbon is placed in a flask, 
and while an inert gas such as argon or nitrogen is allowed to flow 
\;hor»-Ln, tha ribbon is appropriately heated and also stirred by a hot - . 
oAAte which is also used as a .stirrer, so that the magnesium ribbon 
:0,03 >MO&) is activated. ^fter the operation described above is 
performed for approximately 1 hour, the flask is coaled to room 
r?jir^ratiire. and approximately 5 ml of ether is then added. Next, 20 .ml 
o£ . sn -rher solution containing 0.03 mol of p- ( HHe25i-CH 2 -C6H4-CH2-Br 1 
c;nd C. 03 mol of tetraethoxysilane is received in a dripping funnel 
provided -or the flask, and while being well stirred, this ether 
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solution is then sxowly dripped in the mixture of the* magnesium ribbon 
and the ether. In the step described above, in ordfer to avoid violent 
reaction, the reaction temperature is controlled byWing an ice bath or 
the like so that the reaction proceeds appropriately.^*^ 1 the ether 
solution is dripped, the mixture thus obtained is stirred for 
approximately 15 hours at room temperature, the ether used as the 
jolvent is removed by distillation, a small amount of hexane is added, 
and a salt precipitated is filtered by using Hyflo-super cell- In the 
ntep described above, filtration is preferably repeated until the haze 

ii,* filtrate disappears. Next, the solvent In the filtrate is ■ ; 

,V. amoved by using a rotary evaporator, and when reduced- pressure 

riistillafclon of a remaining oily material is performed using a Kugelrohl 
method, compound 9 Xs obtained at a rough yield of approximately 30*, 
;5*i/i'i:h respsct to p- (HMe 2 Si-CH2-C6H4- -CH2'-Br ) . 

As described above, in particular, a synthetic method using a 
C;:::'.c-..ard reagent is effectively applied to an organic silicon compound. ... 
h«r^ng-.*n aromatic group which is provided with a fluoroalkyl group, an, 
alky! compound group, an organic silicon group, an alkoxyl group, or the 
Even though a yield is naturally decreased a little bit, in a 
nF , v: ss described above, a compound such as shown by the formula 11 or 
I?., which has a trifluoromethyl group at the ortho-position of the 
oonpc-jnd A, can also be obtained. In addition, in the case in which an, , 
organs silicon compound provided with a substituent, such as a hydroxy 
Kwp, * thiol group, an amino group, or a cyano group, having highly . 

i;y with a Gr.igna.rd reagent is synthesized on an aromatic group, . 



...J. is*' 



i.^eifct:-ivv.i:y 
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a so-called hydrosilation (the method (ii) described above) perfomiea 
between corresponding olefin and hydrosilane is effective. 
(61 Production of YElectrc-luminescent Device Driven by Organic Thin-Film 

— - Qr\ 

Trails is tor 

By using the molecular film and the molecular film pattern 
described above, various semiconductor devices and the electro-optical' 
devices can be further produced. In the examples described below, an 
organic thin-film transistor having an active layer formed of an organic ' 
■-. material and an organic electroluminescent device driven by this organic 
• C hh.i-.--f ilm transistor will described as a semiconductor device and an 
.3. :A«*ct optical device, respectively, with reference to the . . - ■■ 

. .:?.anuf (lOturiiJ.g steps thereof. Figs, 6 to 16 are views showing ■ - ' 

^nv^a^taring steps of an organic thin-film transistor and an organic 
•^••elec t r ol imiaes cen t device driven by this organic thin- film ' transistor ■ . 
F.i«V.wi5«n two drawings in each figure, the drawing on the right side is a 
m."U\:.\ view, and the drawing on the left side is a cross-sectional view, 
taken along the line AA in the plan view. 

v'irst, a transparent conductive film 21 is formed on a substrate / ■ 

20. As the substrate 20, a transparent material composed of, for 
ss.;viw.^Ioi / . glass < quartz, or plastic (synthetic resin) , is used. in 
PA::iV' J vion, the transparent conductive film 21, ITO (indium tin oxide): . 
■y.ss pr.Kf. arable > However, ^ is not limited to an ITO film, and another - .: 
mat Tibial may also be used as long as the material is transparent and has. . 
i\ivih conductivity. in this embodiments a glass provided with an ITO 
ri 1 :•: \}sed . . • 
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Next, in order to prevent a leak current flowing b^vween a cathode 
pattern 24 (Fig. 9), which will be described later, and the transparent 
conductive film 21, an insulating film 22 is formed on the transparent 
conductive film 21. In this embodiment , EiC>2 is used. As a starting 
material, a liquid material containing polysilazane dissolved in xylene 
-is used, the formation is performed by an Inkjet (I/J) method only in an 
area other than that of a cylinder-shaped opening which is used as a 
light-emitting area. After the solution containing polysilazane is 
applied by an I/J method, heating !at 250°C for 10 minutes is performed, 
thereby selectively forming a SiC2 film having a desired shape and a 
thickness of 150 nm. in addition, as long as the insulating properties 
ivro rnv;ured, ft he material is not. limited to that described above, and an 
orysnir. polymeric materia^l^uch as a polyimide resj^^Iy also be used. 

Next, a light-emitting layer 23 may be formed of two layers, that 
is, a hole injection layer for hole injection and an electroluminescent 
; avsl - i-or light: emission. Both materials may foe formed by using an I/J 
..■natho-rl. The formation may be performed by using spin coating, 
deposition, or the like. 

Next- the light-emitting layer 23 is formed on the transparent 
conductive film 21 in an area defined by the insulating film 22. In 
thts tsmbodiment, a cylinder-shaped opening is provided in the insulating 
ffiln 22 so that the inside periphery thereof is round in plan view, and 
the light-emitting layer 23 is formed selectively in this opening by an 
I/J mar. hod- In particular, a solution containing a polyolefinic polymer 
clisscO.y.ed .in xylene used as a solvent is prepared, the solution is 
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appiitu by an I/J method, and the solves is dried and removed, thfeieby 
forming the light -emit ting layer 23. In this embodiment, the thickness 
of the light-emitting layer 23 is set to approximately 80 nm. In 
addition, as the light-emitting layer, an organic electroluminescent 
material such as pclyparaphenylene vinylene (PPV) may also be used. 

Next, the cathode layer pattern 24 is formed on the insulating film 
22 unci the light-emitting layer 23 using a metal material, As the metal 
material, for example, gold, silver, or copper may be used. This 
cacil^c-lcs layer pattern 24 may be formed by an I/J method or by, .for 
• G:xi\K: : >l.v. f a deposition method. In this embodiment, a solution containing *' :* : 
•:vw a -c^lex- dissolved in an ethanoi solution is used. In particular,- 

an - : Lrs. ^cid complex, a material represented by (CH3 ) 3-F-AU-CH3 is used, 
, " -.hci .n^;fe: ligation thereof is set to approximately 2 wt&, and a Solution ' 
containing this material is applied by an I/J method and is then heated 
■ :a 0Q iJ C. thereby forming a 50 nm-thick gold film pattern having superior 
conductivity- 

Subssquently, an interlayer insulating film 30 is formed on the 
cathode layer pattern 24. As the interlayer insularing film 30, for 
example, polyvinyl alcohol (PVA) or polyimide, which are polymeric 
raatex-i^is- may be used* In addition to those, an inorganic material 
3n.cn as S102 may also be used. When a polymeric material is used for 
forming the interlayer insulating film 30, the film formation may be 
performed by, for example-, spin coating or an I/J method. in this 
^ivliodi^ct , . a PVA solution is applied by a spin coating method, thereby - 
£or£»:.incfr;"-K PVA film ot 1.5 [im in thickness. 
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Next, a via hole 31 is formed in the interlayer insulating film 30 
;-;or forming an interlayer wire (Fig. 11) . A detailed process for 
'fbrmiryg s.via hole is performed basically in accordance with the steps 
described above with reference to Figs. 1 to 3. That is, on the 
intoxlaver insulating film 30 composed of a polymer material, such as * - 
polyvinyl alcohol (PVA) or polyimide, a molecular film ±3 formed by 
u r J±r:g an organic silicon compound (for example, 

{ hep t-.p. decaf luorooctylben zyl ) triethoxysilane having a superior liQuid- 

client, property) having an aromatic hydrocarbon group as a starting r - 
r::.T-.t=iiri*j.''L . and irradiation is performed only on, an area corresponding to 
'^ii- At w ? ".icll ?lhe via hols is to be formed in 'the molecular film. As a- 

:it2r*i'!.n, photolytic reaction occurs gnly ■ in- the area described above,' 
var:^ .-.:>•]: u io™ repel lent property disappears. When this area in which '■■ 

; — j. ;icu '.:r- repellent property disappears is treated by a solvent which - 

di.3;?rjlvfjiH the interlayer insulating film, the via hole is formed. - - ■ 

.V'.ft^r the via hole 31 is formed, a toluene solution containing a 
Aiqtii.-r2...CjoJ.d-;based material is applied in the vis hole 31 by an I/-J 
• ;;^th->C'r ■ thereby forming an interlayer wire 32 (Fig, 12) - N&*t, a source • 
4 0 -i T'.ci t\ 'J' ! :ain 41 are formed (trig. 13) - In the case described above, as 
^v^v ; ; : in' Kig. 13, the source 40 and the drain 41 each have a comb shape' 
: ?.:isil :ir^ .rorsTied so as to interdigitate with each other with a •: 
j'.-. *id^tcri*i ir^d . spacing therebetween. In addition, the drain 41 is formed 1 
z:c: as tio in contact with a cathode layer. 

A- r. material for the source 40 and the drain 41, for example, a 
rtiGtcii ? conductive polymeric material may be used. The source 40 and 
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the drain 41 are each formed by selectively forming a film by an I/J 
method using the material described above followed by patterning. In 
this embodiment, a toluene solution containing a liquid gold-based 
material is applied by an I/J method. The thickness of the gold film 
thus- formed is approximately 50 nm. 

In addition, an organic semiconductor layer 42 is formed on the 
source 40 and the drain 41 (Fig. 14). This organic Semiconductor layer 
42 may be formed by spin coating, deposition, an I/J method, or the like 
tisim? ar organic material. In this embodiment, a starting material in 

y .iv'ttiti form containing anthracene dissolved in xylene is spin 1 ■•■ * 

s.-.t--c'j.:l s o Lhdt an organic semiconductor .film composed of anthracene is" 
.\r*?rn\eici . The thickness thereof is 200 nm. As a material for forming an 
. :;;;a^n.ir; £?iiui conductor film, in addition to a fused polycyclic aromatic* 
; K;f'«^jbp j -jr)i:h as iietracene or pentucene,. a conjugated oligomer or polyiaer, . 

L:> y ' • 

such ^«xathienylene> aligothiophene, or polyacethylene, may also be 
used , ■ 

'■•'■ciXt, a gate insulating film 43 is formed on the organic 
.•j eit^v-.: :chor layer 42. Tor this gate insulating film 43, the same 1 
material as that for the interlayer insulating film 30 may be used. In 
thi* t»iqb'*>diment r by using a PVh film, a thickness of 1 urn is formed by ■ 
■ipi'i -troaving. In addition, as shown in Fig. 15, a gate line 44 is • ■ 
fornixes s<i as to cover corner portions of the source 4 0 and the drain 41. 
This gat -9 line 4 4 is formed by a. coating method using a toluene solution 
ccjvc&ln.i ng a liquid gold-based material as in the case of the source 40 
».nv: ? . the dr^in 41., As a solvent for this liquid gold-based material, 
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toluene is ased. The thickness of the gola film thus formed is 
. approximately 50 nm. 

Next, an interlayer insulating film 50 is formed on the gate 
insulating film 43 and the gate line 44, and subsequently, a via hole 31 
is formed as described above (Fig, 16) . However, in this step, after 
parts of PVA films axe dissolved and removed by pure water, a part of 
the organic semiconductor layer is dissolved and removed by xylene, so 
that a source line and the source 4 0 can be electrically connected to 
**ach cihe^. A detailed process' for forming the via hole is equivalent 
r.^ t:- --; described above with reference to Figs. 1 to 3. By using an 
?ryv:>._r vilicon compound having an aromatic hydrocarbon g:»roup as a 
-,--2v;:i.< ■) material for forming a molecular film, a via hole is formed by . 
girt .. citation for a .^hort period of time. In this embodiment, 
■■ (Kto^^«"o«u'^J.uorooc!tyltoenail) triethoxysilane is used. 

finally, a source line 55 is formed on the interlayer insulating 
."'■iJ.i:'/ 50 at-.ia position corresponding to the via hole 31 (Fig. 17). The 
;;our:c?V line 55 is formed together with an interlayer wire 32 so as to be 
con^:oi:^d' tO the source 40. A material is formed by an I/J method using. 
Li tolt.i£na solution containing a liquid gold-based material as described 
■■In ths case of the source 40 and the drain 41. The thickness of the v 
gold ci.ba thui' obtained is approximately 50 run. As described above, the 
basi- process, is completed. In this embodiment, a protection film or 
the : .l.i.V.e may be formed on the source line 55. 

tv. thin embodiment, the formation of an organic electroluminescent 
# ;.^iaer:t ,;^<^p9r formed prior to the formation of an organic thin- film s . 

/: . u 
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uransistorfl however, une formation of an cyanic thin-film transistor 
may f irsis^be^formed. In the case described above, a molecular film 
formed of an organic silicon compound having an aromatic hydrocarbon 
group may also be used for forming a via hole. 

In this embodiment described above, the organic thin-film 
transistor is formed by using a method for manuf acturing a molecular 
:Cilm pattern gf the present invent ion^however, it is apparent that the 
ivtethod for manufacturing the molecular film pattern of the present 
invention is effectively applied to the production of transistors, which ' 
«ra0jgenea:*lly used, t-hat is., is effectively applied to the production of 
.yr.^i^oi'i. -based transistors or thin-film transistors (TFT) formed on . ' - 
±}'jr\:.':.;\tinq substrates . : 

: : ; In conclusion, conventional steps using a photolithographic method' 
't'o $3gg£arra :• : 'nctur in g semi conductor devices, electronic devices, electro- " ; - 
opv.i.Ccul devices,, and. the like can be basically . per formed by using the ' 
^nus^cturing method ?:or the molecular film pattern, the manufacturing : 
rnisth^d for the semiconductor devices, and the manufacturing method for 
thes ';lec.;ro-optical devices according to the present invention. 

Next, several examples of electronic apparatuses to which the 
aitt^v.rp- optical device described above is applied Will be described ♦ 
* — * K r a perspective view showing the structure of a mobile personal. 
c::-niipute.-*r : ::o which the electro-optical device described above is applied. 
In tr is. figure, a personal computer 1100 has the structure composed of a 
ciiapl&y viiit 1106 and a main body 1104 provided with a keyboard 1102, " 
'::'r:& l! is pi ay unit 1106 c^^*^-s^a the electro-optical device 100 described • 
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above. 

Fig. # is a perspective view showing the structure of a mobile 
phone having the electro-optical device 100 applied to a display unit of 
thin mobile phone. In this figure, in addition to a plurality of 
operation buttons an ear piece 1204, and .a mouthpiece 1206, A 

mobile phone 1200 j^&npi^s&m. the electro-optical device 100 described 



Fi.Q. T is a perspective vi^w showing the structure of a digital 
s.tiil. camera provided with the electro-optical device 100 shown in 'Fig. 
7 which i.st used tor a viewfindetf" Of the camera. In this figure, the : 
c;:.:;.i^ot..Lon with external apparatuses is also briefly shown. Compared to 
r. :;^n«rai camera whi-n exposes a film using an optical Image of an : 
object-; a digital still camera 1300 produces image signals by performing 
ps.otofr.lactr.ic conversion of an optical image of an object using an ■ -■ 
imaging element such as a CCD (Charged Coupled Device) . The electro- 
optic:al sit3rvi.ee 100 described above is provided on the back surface of a 
case X302 of the digital still camera 1300 so as to perform display in 
accordance " with the image signals provided from the CCD, and the 
^la^tro-cptical device 100 serves as a viewfinder for displaying the 
object. l*n addition, a light-receiving unit 1304 containing an optical - 
Ion:;,- thes CCD, and the like is provided cn an observing side (the back 
G-ij:;s;*.ui© ::icte in the figure) of the case 1302. 

tthen a picture taker views an object image displayed on the 
elfiCtiro-cptiical device 100 and then presses a shutter button 1306, an 

signal of the CCD at that time is transferred to and stored in &• 
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me?mo...y of a circuit substrate .308. In addition, in this, uigital still 
camera 1300, a video signal output terminal 1312 and an input/output 
terminal 1314 for data communication are provided on the aide surface of 
the case 1302. As shown in the figure, when it: is necessary, the 
former, i.e., the video signal output terminal 1312, and the latter, 
i.e.> the input /output terminal 1314 for . data communication, are 
connected to a television monitor 14 30 and a personal computer 14 30, 
respectively. Furthermore, the structure is formed so that the image 
signal stored in the memory of the circuit substrate 1308 is output on 
the. television monitor X430 or .to the personal computer 1440 by a 



pr^x-^t '3 rained operation. 



Ai-- an electronic appax^us to which tjx€ elect ro- optical device 100 
vV-; ;prosent invention i/an be applied/' in addition to t^rie personal 
:ro^oy>^. shown in Fig. Y, the mobile ihone shown in Fig. V, and the ' : : 
:iigiu.iC. : ati.ll. camera shown in Fig. Y f there may be mentioned a ! 
tcs i-CjviLti.oi:, a riewrinder type and a direct viewing video tape recorder, " 
ft Cir navigation apparatus, a pager, an electronic notebook, an : ^ ' ; 

eJ.ectrcr.Lf calculator, a word processor, a workstation, a television £(*>{d 
p^ons, a POS terminal, an apparatus provided with a touch panel, ^^thT 
. Accordingly, the electro-optical device 100 is naturally applied 
to display units of the. various electronic apparatuses described above . 



According to the present invention described above, a patterning 
technique: which can easily form a molecular film pattern at a high speed 
c&n--be obtained, and the number of steps of manufacturing semiconductor 
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devices or electro-optical devices and the cost thei^of can he 
decreased. 
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